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X^iil3 0 7. 3 0 8, &<fctK3 0 9 
(fgttJt) 3 16-3 19Mt5o 30 

[0071] mz., mvt¥&fti£&m 3 1 6 <d^^^)v 

JgfifcfiBtt, &<fc?*3 17-319 £U>*X 3 2 

[0 0 7 2] ±oT, mt*¥3S#®teJg 3 1 6©V-* 
• FK>mi 2 5&J;tf 1 2 7, 

1 2 6^/££n&o att#®^tt®3 17- 40 

3 1 9 UVX h^Xt? 3 2 1 T^^nTtf^^T?, 

[0 0 7 3] ^GD^, l/v^X 3 2 1 

(05 (A) ) 0 y^c hmmmz 2 s<Dmm&&<Dmm 

{LlgKiSJtJJD^'b^JtUT 1 0-2 5 0 nmO^ffl 

h#fr&M<E>ll*2 * 10-50 nmi U ffic^y 
-f hiil0©f ^^5 0-2 5 OnmtlT'feiK & 
*5, hij&MUcte, SiO Zl Si ON, S i 55 
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[0 0 7 4] M 5 (A) t'^-T^^^^TE^ (- 

[0 0 7 5] /\ny>^cl^^ [ i;-&y^^ l J >^ 

m£-HM;:f#£fcae>K:fcJU _tfeM#iS£7 o ot^si 

^'J>^^#&nS:<S:S3SnA**5. An 
iHISI^Sb<S8 0 0 - 1 0 0 0t C^Wfc 
(19 5 0*C) it-, MSNfKKO. 1-6 h r, ft^W 
IC&0. 5-lhrtr^c &*5, JigEM^, V- 

[0076] ^eqamg^jtbxttm^ffl^*^^ 

bT^ltTK^ (HC 1 ) £0. 5-10^1% 

T, 9 5 or, 3 0^©jtjp|feMS^fT^.«a^. HC 1 
»S^±fE*^±i:-rst, 16-319© 

[0 0 7 7] Any>7C3fe^if<t^ttUTttH 
C 1 ^WfeHF, NF 3 ,HBr,Cl 2 ,Cl 
F 3 , BCl 3 , F 2 , Br 2 ^(D/\ a y >7EiH 

[0 0 7 8] ^©IgC*^T^i4S3 16-3 19 

-So fix, c&jimiz&Dm&ms 1 6-3 1 94><d 

-y5-)V<D&g.te 5xl0 17 atoms/cm 3 J^"F 
(ftiWC«2X 1 0 17 a t oms/cm 3 RT) tc£ 

?r fr&BLit* lxl 0 18 at oms/cm 3 (ftl 
<&5 X 1 0 17 a t oms /cm 3 RT) T?*nt*T F 

[0 0 7 9] ±iay^^'J >^I^-y^r)^ 

mwm&b 5X1 0 ,7 at oms/cm 3 (if S b 

< tt2 x 1 0 17 a t oms / c m 3 ^T) CtSItA 1 

to 0 8 o] /j:*5. u >ifmm&?fz>£> m 

14^3 1 6-3 1 g^^tiyy^'J^^StCffifflL/fc 
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Any>7c3fca« lxi0 16 -lxi 0 20 atoms/c 

[0 0 8 1 ] gfc, ±fEjtjnlSft«lSfC«k0^t£S3 1 6- 
3 l 9 ty-f h«gil3 2 5 i(B|MTfcm&ft:KJ&;&« 

Hfrb, ^«^^^lty-f hlfell3 2 5CDRff» 
it*aT£o £©#CbT»«<t«£JBfiJtT3i:, IMfK 

£ a i/;, fSttJHfi»8RI**3»tSllft»<tR©®fiJt^A <x" 

[0 0 8 2] 3e>fc\ J:iEAny>5?ffl&K:*5tt5jjn& 
ffig£flgbfc&fc:. ^i^ffl^T9 5 o*c. mfsijg 
S©in&ffla*fT&3c:fcT, y-f MftftlK 3 2 5 ©m 

[0 0 8 3] m^Vte^T J^tttfift £ 

nmv>B.M i29~i32 £^/&ts 0 ^imtij 2 

(05 (B) ) o 
[0 0 8 4] ,1 iX^H?^ iS^EH^ 7-135 
3 1 8^«M©affi*!PJfflt5. ira 
Kffc K± 9^JiJtbfcBH[:&&*JJHbXgHSg£MfcV- 

^H^nx^So JUTK:^<B&fl5t;:Olr>XflB¥(Ct89B 

[0 0 8 5] ST. — £AJ&©A*^— — >^K1& 

ffilt^^XFT^^ (0^-&T) ^bfc£S3%y 

[0 0 8 6] ^C, H^l/iiUl/^X FVX^&^L 
x^i/>^un-;^^(c3%07@5m^^b 

&&?U4<z>ra«#fl:j&3 3 8-3 4 1 *t^fijc$nso & 

J?fri7 0—120 nmTM^o 

[0087] f bt, ±^cq 2®(cMsr^m<t:MS« 

^^ofcTM-^AlS 4 2-3 4 5 rt*5fcJRlH)fc:y 
MI^Ki bXtgtSTS (0 5 (C) ) „ fc*5, 7)\>5L 

[0 0 8 8] ^K^-f hM^3 4 2- 3 4 5, ^?L{£<E> 
Mftl3 3 0-3 3 7 ^7X^i:bW btg^lS 
3 2 5 ^H7^fIyf>^f:if)X7f>^b. 34 
6-3 4 9l;/^->Z>^ta (05 (D) ) o 

[0 0 8 9] ^IT, ^?LttCDKS®£^3 3 0-3 3 

7s^ra (06 (A) ) . ^^bTM^nsy-f 

hifcfrMI 3 4 6-3 4 9 ©S»aifci^?U4CDR&fi#fl:IK 3 

30-33 7 <Dmmfti*\i>m\&vizvimk.i3iZ> a 

[0 0 9 0] friZ. y-f MS3 4 2 &ML/ t 7Q- 
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f^»Whii3 4 2' £Jf£/£T3 (06 
(B) ) . 

[0091] mz. -mm&*tt^z^n®}7tm<Dife 

tiaxn&TfJ, ^M4S?7c3&£bX«N3JfcS>t*P CJ 
» SfetiAs (flt£g) , PmfcZ&B (>tfa» £fc 
til n (-f >v*£A) ^^nti^^o 

[0 0 9 2] ST, NSTFTO^M«SJD&ff5fc*& 
l/yXh7X^ 3 5 0. 3 5 1 $Mt§«. 
#JXte, ^MttlKAPSr 2H©lS»Cl^t-tXff 3o ST, 
70 l0SC5^M*1Kttl CfcH}f£#JXteP (U» 
£) &MniM£E8 0 k e VggEXfn\ n~ 
/&TS* Z<Dn~ mmt+ P-ft>II^lxi0 1? a 
t om s / c m 3 — 1X1 0 19 a toms/cm 3 t& 
ScfcSKIHSfTSo 

[0 0 9 3] 2 0 gcO^^^n^&Pj^mjE 

1 0 ke VS&Xff^, n + f^^^ta o d«)B# 

WHETS. Sfc. £(Dn + ^igSUi, ^-hffi£iJ&«5 0 0 
Q^T (#?£b<&3 0 0 QRT) t^S J:3fcaSffifT 
20 £ 0 

[0 0 9 4] ioT, NITFT©V-X- FK>i 
^352-355, 3 5 6, 3 5 7, 

[0095] ^f', 06 (D) t^i^tl, NiTF 
T^TI/yXhVX^ 3 6 0, 3 6 1 S^, PS! 

£#i?.T5^se#H=*-> &mmm~T?te&ti>&M^ 

£>p _ ®t&&* ^n>-<^->iBfi^ 1X10 17 atom 
s/cm 3 ^± (2?Sb<ttl x 1 0 18 a t oms/c 
50 m 3 &±) i!&:5J;5l:afifT5a ^nXDftefc, G 
a, I n &ifSrffl^Xt>«fc^o 

[0 0 9 6] u^UTPiTFTCDV-X * H K >^ 
^3 6 2, 3 6 3, te«S**E4&&#3 6 4, ^itK^ 
t^JVMIt3 6 7«Sn5 (06 (D) ) * 

[0 0 9 7 ] Jii£bfcJ;5fc. X<7f >^TFT^3j: 

[0 0 9 8] £t±©^l;l/TffittgA<^Uft5, 77 
[0 0 9 9] $^i©TFT©?t^Wi 

[oioo] mz. mmmmms 6 s £ 5 o o nm&m 
skue^tso mmm&M3 6 8 tbxttgtft&ffcBL 

5£? [oion^c. :n>^ h*-;i/£^/£bfc^, v 
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— X • H >nW. 3 6 9 — 3 7 4, tf;* U 

<Dn > h n — M8S3 7 5 c©n> 

h □ — hti 3 7 5S, RB8SKfl:l& 3 3 8 (£>±fg 
i:^$nx^5 (0 7 (B) ) „ 

[0102] gg^fc, stE^* 3 5 o^cDykm&mm. 

^) ^SSfSo I^J:©lSi:ioT, 0 7 CB) t^^ 

-r#ft«Ht©T f t &Mfs n 
[oio3] (m&Btpiz-gtm&^fflLfyuzm-r&fti io 

-rsTE^TS^c (k*) . n as*) $lzso mm) 

[oio4] ^mmm<D^. #&n&mm<Difcmiz& 
tote (mm , n c^^) jsl^o mm) <dma& 

ffitac (i&Jfi) &tfN a>«JEti4>?3:< £*> 5 

x 1 o 18 a t oms/cm 3 ^ (^Wl:li5x 1 0 20 
17 a t oms/cm 3 ^T, #Fi;b<;&2xl0 17 at 
oms/cm 3 ^T) . O ©»JSfci4>fc < fc 

1. 5xi0 19 atoms/cm 3 *i 
X10 18 atoms/cm 3 ^T, 0SKti5xlO 
17 a t oms/cm 3 &TF) t&5 B 

[0105] M^fcs^^tt^e.^s^s^m-c 

tt&Kt 5X1 0 22 at oms/cm 3 -?2&5 

©T, #|j3Lti5 x 1 0 18 a t oms/cm 3 (D^M^StC 
m\Z.mo. 01a tomi c%©llti?iit5^tl: 

[0 10 6] M£L< fiS^W^^^H^l:?? 

&-r&c , n cssi) &txo mm <Dm&& 
s i Ms^«fc*»5ttaiTifi^T, se»Kisa*u<(i 
^ b & \,*vtm s £ t fimntzm m& s 

[0 10 7] *^gH#e>^S I MST^^bfcifS^:, 

fgttB^ testis c. n , oa>«&*>JifE«&ttffl£ 

[0108] <i t, ^8 (a) \z. *mm<D*mR& 
*^v<D\B\&mmm&^-r» ms cb) @s (a) 
cusw-s a-a' <Dmmm&^\s> ms co ieii 
6 (a) (D^mm&m&^'to 

[0109] 08 (A) iZ^^X. 8 0 1—8 0 8 fct¥ 
I#OTT*t3, TFTTrl-Tr8MU^ 
& 0 8 0 9 ~ 8 1 2 ti^ 1 09&Ei&/§T& 0. T r 2 , T 
r 4 , Tr6, $>£ZST r 8 <D?-i Mi, y^f 
m©K&, rl, Tr3. Tr5. Tr7 (£>y 
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Tr3, Tr5, *3 «t tfT r 7 <D 7 n — 5r << >#>f -T V 
1 3-8 1 6{i, $&\<Dmkmk.W$\ZMWL% 

n, rti? — y—>?fznfr<D%\z7u—7-4 >?(DVtm 

i:UZ>. 8 17- 8 2 8 2 £>SEiBUgT» 0 , # T r 
fcTrl, Tr3, Tr5. &J;££T r 7©3>hO- 

[0 110] ^laCD^S^^^Ufc^^Tti, ^ 
HjETff "5 Z\ £#*fcB3te§. ^^U^«f 

ii^/?B^0»tc*f-rs^t©Mii>(*o?s*«So dn 
[oiii] mmm z ) 

[0112] *nmm-e\z* ^-fgrnnftMPv-w 
^3tmu*mM-?z> 0 mz. ^^5^sis^cmp at 

[0113] z\<dm\z. ^mt^^mmx&'Dx^mm 

i^-5CDTTlfe/^#«=SiKI^MO^S^^«, S 

[0114] mmms) 

[0 115] m.l&ffl 1 Xl±&^<Dm£k<t$:®)-&^-Z>tet& 

^Sffl^l/fc. ^J^^ajTti. mWk7t^<D?y? V > 

amis* iiiii^Hcin, 

[0 116] >J >?e^£ffl^S«*&, ISttltSSM 

^om^tcj >&^pi, 400-1050^ (jfs 

KH6 0 0- 7 5 0t) 1 m i n — 2 0 h 

r (ftiWf:H3 0min-3hr) (DjJD^il £:?f A 

mmt 5x 1 0 17 a t oms/cm 3 izHXfeUZ 
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[0 117] :5L/Tyy^'J>^lS£^t5». 'J 

toils] y-f hmMmttez>mMim&]&j& 

^ ^11 Ji^jo 'J C i s y >^ u > t /\ n 

5. 

[0 119] (iM4) 

[0 12 0] sjsiggJjgfllTti. i£X^#-^cDTFT{Cj; 
oTE E P ROMftfjjtrSi^^^TB 9-H 1 1 

cfctf^-f ^>^^) O^KlftB bT^§J&^ 7KU 
ti. HJSMlT?®i^Ufc0i©«t-5^. x-HJ^^l: 

[0121] H9&#i-T5. £t\ ^7XS«9 0 1 
-f hf!9 0 3, 9 0 4Wn. ^-fMS9 0 3 

ti. &fc;*^U&T©:3>bn — hMicfcD, 
y-f h^®9 o 4ti, gflc:^'f7?>^W'f M 

ffitaSo *l£7«jTti. y-f 0 9 0 4 t 

IT 2 0 0 nm—4 0 0 nmj?©^n^|£^t5 

[0 12 2] ^l:, y-f 0 3,9 0 4±lz¥^ 

Mfetl9 0 5 ^1 0 0-2 0 0 nmCO^^^^/^-r 

^-r htii9 o 5 tbtfi. wimmm, mtm 
mm. wif^miimmm£&<tmmm£<Dmmm&m^ 

[0 12 3] ^©^^U^{B0CDy>f MftftJR 

ti, ^0)IgTMt§7n-T^>m MSt^ 

9 o 5 _hSB©fleffl(^e»nst>^"Pti^ 

[0 12 4]^!:. 7D-r-f >if*f< ht!9 0 6 & 
(B) ) 0 *^JfiWT?ti, 7n-f^> 

[0 12 5] mz., mmms 0 7£1 0-5 0nm©i 
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[0 12 6] Sfcfc, 9 0 8,9 0 9 

#]1<Z)0 3 (A) - CD) fH^ b feT^te <fc o TMffc^- 
3 (0 9 (C) ) o fc*3. ^H^^J^ti. 
*fiS^IK9 0 8©fi^W^H$ 5 0 nm, X-f-y 

^>^iii^G>#i&HJ£SsjK9 o 9<Dmmmu&m&7 s 
nmti/fc^ ^en^ni - 5 0 nm i;b< til 0 
— 4 0nm) , 4 0"-10 0nm©iil:M'fn^J; 

<, ^n^jcDm^tfcE^sns^^TfiTS^,, 

/0 0^b&^£*. T H l/X^n-y^i7J[Hl^cDT FT© 
[0 12 7]^f:, #^i§9 0 8, 9 0 9 ^U- 

if-^*s^til^-if-^t^©^S*KFO^©m 
tt&fr^, #HS€3£3II&0>*£»fl:£fT-5 (0 9 

(D) ) o l^— ff— JttbTfi. x^>^ l^-if-^*« 
#F£b^o Ityv^- tf-t bTti, KrF. Ar 
F, X e C 1 Mtbfe^M U-if^^iJ^rn^i 

20 [0 12 8] l/-if-^tfW[^©^m^^-3^ 

[0129] *^J6#rai, i&tfcKanxsnfcx^v 

y^til. 2mm/s. #lMmfi^, /WX^Et 
m$ 3 0 H z , tf-X^Jl^-fci 3 0 0 - 3 1 5 m 

J/cm 2 ttS. CCOlgtioTMIHiiil^i 

[0130] *^jo^iiaiint). H£& 

[0 13 1] HJiWKO^IIKSStKfct). 

[0132] ^c(c0 1 0 iHiiiis^ 

^->X>^bT, ^14^9 1 0*3cfctf9 1 l&WfcT 

So 

[0133] -mn&zn^r&^m%i7im<Dm 

40 JtjDSff&-5o ^^UIT, NiTFT, &£t£P 

iTF T0f+^JW*Mt5iSttS*^^ 

CfcHflfi#J-m#n>&flH>5o -f A&££i^ 
Ttxt^) £«y!]0b, ^n>-ft>II*Uxl0 n a 
toms/cm 3 W (0£L< fc£ 1X10 18 atom 

[0134]^C UzSX h 9 1 2& c ktf9 1 3 

^Mta (01 0(B)). fUT, PimtS 
50 ^M^7c3tE&, 1X10 18 — ixi0 20 atoms/c 
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m z n&<Dm&£Uz>&5izmuv, pmtftcv- 

7;m^9 1 4 43£L*F U-i >M&9 1 5 £ftJ/£T£o * 
fe, 9 1 2Tg^nt^5 

SR#jO*?i'*;i'fiSU&££S (010 (B) ) o 

[0 13 5]^C, U>>X Y-?7»2 9 1 2*5^1X9 1 3 
SKtSl/, l/^h7X^9 1 7*5J;t£9 1 8£Jf£/£-t 

IX 1 0 17 -5X 1 0 18 a t oms/cm 3 SS^^il 
m^M^5^9 1 943i;^9 2 0 (El 1 0 

(C) ) . 

[0 13 6] ^(H, l/^XhTX^9 1 7^i^9 1 8 
£l&^b, 1/'^ 9 2 1 ««ttf 9 2 2 

5o fit, mz$NM&tt5--rz>^ffflL%i7Lm$:m 1 o 

(C) ©Xgct 0 fciM^I ( 1 X 1 0 18 ~ 1 x 1 0 20 a 
toms/cm 3 ) MDlTNiTFT©V-X - F 
>m^9 2 3;j3J;tf9 2 4 Mt5 0 9 2 

5f£te«£^M#fRl£. 9 2 6ttft^M«T* 
S (BIO (D) ) . 

[0 13 7]^};, l/yXFVX?9 2 1^9 2 2 

[limt^Jf]nbfe^MfeC5M14{t&fT^ (Ell 1 
(A) ) o 

[0 13 8] V— !f-7--JWIS7Ufc&, SKIfeft 
19 2 7S3 0 0- 5 0 0 nmCMtS (El 1 1 

(b> ) . jam«gfibK9 2 wimmm, mt&m 

[0 13 9] ifcfc, @ffl&ft&9 2 7 fczi>^^ h*- 
8 , 9 2 9, *5J:^9 3 0 &Mf$.-$~ Z>° Z\<D^mWBt 

ITU y;i/=-t>A, ^>^;p, ?^>, pysfx^ 

111 ( B ) ) o 

[0140] mz. ^mzttVTTkm&mm.** 350 
ioTBi 1 (b> ©t*jiga«#e>*i&„ 

[0141] (H^#J 5 ) 

[0 14 2] ±fEH^Ml-4^^^^^^^EUH, ^ 
[0 14 3] ^©i^a^^^gtcti, 

[0144] 012 (A) ttJ^^^ST?* 0, *#12 
0 1 , ^J&ttiflB 1 2 0 3, ^J&A^fiK 1 2 0 3, 
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gll 2 0 4. MftX-fyT-l 2 0 5, 7>J~f 1 2 0 

2 0 4 t-w^ntut^ 

[01451012 (B) tifcf^^^^T^t), 
13 0 1, ^SS 1 3 0 2, -^^A^JBP 1 3 0 3, & 
f£X-f 3 0 4, AyfU- 1 3 0 5, £#01 1 3 

e i 3 o 2 t-ftMsnT^iK 

[0146] 012 (C) n^rw;io >ea- ^Tab 

JD 0, 1401, #^gfll 4 0 2 , g^SB 1 4 0 

3, Jft^X-f yfH04 t f^SS 1 4 0 5l?W$ 
Wo ^WcD^Jffftt^Uti. S^Si 1 4 0 5 t 
— ffc^/ifcSftTfc J;^ 0 

[0147] 012 (D) tt^y F^'>>fT^X^l/ 
-f D , 15 0 1, i^SI 1 5 0 2, A*> 

1 5 0 3TifiJtSn5. *#§fJ©*iS3?14;*^'Jti, ^ 

^ss 1502 t^Msnxu^, 

[0148] (H7&M 6 ) 

[0149] *mi&M-cte* ±&mi&m 1 ^nm®\ 5 t 

[0 15 0] TaSfc^T a£-&£y-f hfffil:fflU5 
«h, *«]4 5 0t^6^)6 0 O'CT&Kft 

Ta 2 O 3 ^©mH©m^ftJK#y-f bftffi±K: 

Al (r;V5-^A) WhtfitUtffl^ttl: 
3 ft SKf £ 0 *>J&M HSt^t^foj&^t^ 

[0 15 1] lfeiai&©ItEEfP{ffi©— 

[0 15 2] £7t, T a 2 0 3 te, it^SW 1 1 . 6 

[0 15 3] TaW MM^^fe^, ± 

SE^fefllTfr-p It J: 5 K&M&gHtT S c t T# S o 
40 [0 15 4] (CGSCHtSM 

[0 15 5] CCTr, _hfEHM#J 1 tCfH^bfc^^^m 

T, v-U u > (lr*fc>»fl>5 Continuous Grain 

Silicon : CG S) tl^^S^'J n >|^Sr#S 

[0156] ±ummm 1 ©^^ti^rfi^nfc 
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[0157] cffittJB©«a«JtfcHrafliX) 

[0 15 8] JztZmMM 1 (Dft$iXm\Z$t-DTMf&Vtz 

[0 15 9] *&, *»W#&tt±ifiL/fc^»^ffit«t 
•^TlHtlfc W^l^flS^^ H R - T EM (iS 

U f&fflKJfil&Lfc (Ell 3 ( A) ) o fc2£U *M 
[0 16 0] £ C^TfflMi<^HR-TEM (iS$H?lH& 

So 

[0 16 1] &A^fcTEM^ (El 3 

(A) ) Tt»^S-^>©^^^ <#tWS&) 

comm {lio} iei^it*sc: tA«m^m»ffc«t ?)i 

[0 16 2] t:^T. iiiJ^c^ftTEM^K^Sft 
^fi«ETtt (110} ®ftK: {111} SC^tS 

i&fa^iissnfc. a*, tiii} Mt^^Ts^ 

^ffiK {111) jS^5i^I^lt^»o 
[0 16 3] CC9S#, ^BJ^et±±^b7hH^J 1 CD 

cioTf 6 nfz^mftwmo r e m^h 

JtASS&Szi^cDieil&Tfcfc^Sfcfc {111}M 
C^tSftftt^ATHfe, fit, S^Oft^SS 

[0 16 4] g®M|?.CD^FaEi:B8«?a<. 5f£& 

^c^^^T-f^T^O* ±&<D9 0%R± 
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[0 16 5] zwmtetiBmmm (iEmiz&%£mm$f-<z>m 

[0 16 6] &*3, EI 1 3 CB) ^^HJ#e»^U 7 
i/'j3>|) (CO^T^m^EIJFf^itXHR-TEM 
& k: *5 ^ T5 ^ ©ft^lS fct£ < rt? izfe -o X *5 D , 

20 [0 16 7] *f&wm*>&* ^mistzmmm 1 <D^m.^ 
m^nzn%*mftmm<Dmz&^Mf)m&ft&<ttfc 

[0 16 8] *®%^CD^»^ft^^ UT5pJffi-rS^^ 

BP'S, £&©!£-£^©90%^J: (if £b< &95%R_h* 

[0 16 9] *fc, iij£©|i^m ©tf^^K^oX 
4 (A) tC^-T. &43. 014 (B) \tkt®t<Dfz#> \zWL 

[0 17 0] &*5, mi 4 (A) &j;££0 14 (B) (i 

[0171] &ft. 014 (O ti^igs^unxo 
{110} ffil:Sitttfi^iWb^^(Dt^la] 

50 [01721014 (A) <^«-&, 014 (C) ^^"T 
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«fc (ii o) AWfc*f*:-raia*fa^**Jt«EWtrn^ 
izmnx&o* <iio) $t&-e&£ aes®** 

[0 17 3] &*3, #mAti^P3^©J£**0£^^fC 

[oi7 4] &m.m.m'?2>5'*>izi$®ffim.j&j)m 

^KJl^&t/^^&o^ mi 4 (A) Tt-ffi^ 
©III^Sffj&aUliLfc:^) „ *5-£-£ <tt8lB& {1 1 0} 12 

[0 17 5] 2M£gH#5«. m&mftiZfttZ&T { 1 1 
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(57)[SUMMARY] 



[SUBJECT] 

The non-volatile memory which can form 
integrally with the other semiconductor device is 
provided. 



j: ui& <d m m m k £ t f t t*& 



[SOLUTION] 

The memory device which constitutes a non- 
volatile memory, a switching device, and the 
other periphery circuit is integrally formed on a 
substrate with TFT. 

Since the thickness of the semiconductor 
active layer of the memory device TFT is thinner 
than the thickness of the semiconductor active 
layer of other TFT, Impact ionization becomes 
easy to happen in the channel region of the 
memory device TFT 

Thus, the low-voltage writing / erasure of a 
memory device can be realized. Degradation 
does not happen. The non-volatile memory 
whose size-reduction is possible is provided. 
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[CLAIM 1] 

A non-volatile memory, in which the memory 
celt which consists of a memory TFT and the 
switching TFT is the non-volatile memory 
arranged in a matrix, comprised such that the 
above-mentioned memory TFT has at least the 
semiconductor active layer formed on an 
insulated substrate, the gate insulating film, the 
floating gate electrode, the anodized film 
obtained by anodizing the above-mentioned 
floating gate electrode, and the control gate 
electrode. 

The above-mentioned switching TFT has at 
least the semiconductor active layer formed on 
the above-mentioned insulated substrate, the 
gate insulating film, and the gate electrode. 

The above-mentioned memory TFT and the 
above-mentioned switching TFT is integrally 
formed on the above-mentioned insulated 
substrate. And the thickness of the 
semiconductor active layer of the above- 
mentioned memory TFT is thinner than the 
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thickness of the semiconductor active layer of 
the above-mentioned switching TFT. 



[CLAIM 2] 

The thickness of the semiconductor active layer 
of the above-mentioned memory TFT and the 
above-mentioned switching TFT is less than 
150 nm. The non-volatile memory of Claim 1. 



[CLAIM 3] 

The thickness of the semiconductor active layer 
of the above-mentioned memory TFT is 1-50 
nm. 

The thickness of the semiconductor active 
layer of the above-mentioned switching TFT is 
40-100 nm. The non-volatile memory of Claim 
2. 

[CLAIM 4] 

The thickness of the semiconductor active layer 
of the above-mentioned memory TFT is 10-40 
nm. The non-volatile memory of Claim 3. 



[CLAIM 5] 

The thickness of the semiconductor active layer 
of the above-mentioned memory TFT is 
thickness which is easier to generate impact 
ionization than the thickness of the 
semiconductor active layer of the above- 
mentioned switching TFT. The non-volatile 
memory described in any one of Claims 1-4. 



[CLAIM 6] 

The tunnel current which flows the 
semiconductor active layer of the above- 
mentioned memory TFT is more than double 
the tunnel current which flows the 
semiconductor active layer of the above- 
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mentioned switching 
memory of Claim 5. 



TFT. The non-volatile 



[CLAIM 7] 

A non-volatile memory, in which the memory 
cell which consists of a memory TFT and the 
switching TFT is the non-volatile memory 
arranged in a matrix, comprised such that the 
above-mentioned memory TFT is equipped with 
the control gate electrode formed on an 
insulated substrate, the first insulating film, the 
floating gate electrode, the 2nd insulating film, 
and the semiconductor active layer at least. 
The above-mentioned switching TFT has the 
gate electrode formed on the above-mentioned 
insulated substrate, and the first insulating film 
the semiconductor active layer at least. 

The integral formation of the above- 
mentioned memory TFT and the above- 
mentioned switching TFT is done on the above- 
mentioned insulated substrate. And the 
thickness of the semiconductor active layer of 
the above-mentioned memory TFT is thinner 
than the thickness of the semiconductor active 
layer of the above-mentioned switching TFT. 



[CLAIM 8] 

The thickness of the above-mentioned memory 
TFT and the semiconductor active layer of the 
above-mentioned switching TFT is less than 
150 nm. The non-volatile memory of Claim 7. 



[CLAIM 9] 

The thickness of the semiconductor active layer 
of the above-mentioned memory TFT is 1-50 
nm. 

The thickness of the semiconductor active 
layer of the above-mentioned switching TFT is 
40-100 nm. The non-volatile memory of Claim 
8. 
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[CLAIM 10] 

The thickness of the semiconductor active layer 
of the above-mentioned memory TFT is 10-40 
nm. 

The thickness of the semiconductor active 
layer of the above-mentioned switching TFT is 
40-100 nm. The non-volatile memory of Claim 
9. 

[CLAIM 11] 

The thickness of the semiconductor active layer 
of the above-mentioned memory TFT is 
thickness which is easier to generate impact 
ionization than the thickness of the 
semiconductor active layer of the above- 
mentioned switching TFT The non-volatile 
memory described in any one of Claims 7-10. 



[CLAIM 12] 

The tunnel current which flows the 
semiconductor active layer of the above- 
mentioned memory TFT is more than double of 
the tunnel current which flows the 
semiconductor active layer of the above- 
mentioned switching TFT. The non-volatile 
memory of Claim 11. 

[CLAIM 13] 

A manufacturing method of the non-volatile 
memory, which is the manufacturing method of 
the non-volatile memory including the process 
which forms the amorphous silicon membrane 
which has first thickness, and the amorphous 
silicon membrane which has 2nd thickness, on 
an insulated substrate, the process which 
crystallizes the amorphous silicon membrane 
which has first thickness, and the amorphous 
silicon membrane which has second thickness, 
and forms the polycrystalline silicon membrane 
which has first thickness, and the polycrystalline 
silicon membrane which has 2nd thickness, the 
process which forms a memory TFT on a first 
polycrystalline silicon membrane, and forms 
switching TFT on a second polycrystalline 
silicon membrane, comprised such that first 
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thickness is thinner than second thickness. 



[CLAIM 14] 

The thickness of the above-mentioned memory 
TFT and the semiconductor active layer of the 
above-mentioned switching TFT is less than 
150 nm. The manufacturing method of the non- 
volatile memory of Claim 13. 



[CLAIM 15] 

First thickness is 1-50 nm. 

Second thickness is 40-100 nm. The 
manufacturing method of the non-volatile 
memory of Claim 14. 



[CLAIM 16] 

First thickness is 10-40 nm. The manufacturing 
method of the non-volatile memory of Claim 15. 



Iff *i 17] 

ituie^y TFT©¥f*ffitt 

3-1 6<Dffitlfr- 
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[CLAIM 17] 

The thickness of the semiconductor active layer 
of the above-mentioned memory TFT is 
thickness which is easier to generate impact 
ionization than the thickness of the 
semiconductor active layer of the above- 
mentioned switching TFT. The non-volatile 
memory described in any one of Claims 13-16. 



[CLAIM 18] 

The tunnel current which flows the 
semiconductor active layer of the above- 
mentioned memory TFT is more than the 
double of the tunnel current which flows the 
semiconductor active layer of the above- 
mentioned switching TFT The non-volatile 
memory of Claim 17. 
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[DETAILED DESCRIPTION OF INVENTION] 



[0 0 0 1] 



[0001] 



[The technical specialty to which invention 
belongs] 



[0 0 0 2] 

#38951*. SOI (S i 1 i c 
on On Insulato 

r) &ffi*m^xBtiL£tiz>m 

m±\Z-#J&f$ l <S fritz E E P R 
OM (E 1 e c t r i c a 1 I 
y Erasable and 
P r o g r a mm able R 
ead Only Memor 

y) {cm-t&o Htz. 

0 S i 1 i c o nte^^ffl, 
<0 2r^5 o 



[0002] 

This invention relates to the non-volatile 
memory of the thin-film transistor formed using 
SOI (Silicon On Insulator) technology. 

Particularly, it relates to EEPROM 
(ElectricallyErasable and Programmable Read 
Only Memory) which is integrally formed on the 
insulated substrate with periphery circuits, such 
as the driving circuit. 

moreover, Silicon here is a single crystal or that 
which is a substantially single crystal. 



[0 0 0 3] 



[0003] 



[f*^)»T] [PRIOR ART] 



[0 0 0 4] [0004] 

^^Pf^^O) ,n recent years, in connection with a size- 

^ p^f 3 f^^Stt^S reduction of a semiconductor device, high 

*mv**i#&**kxZ Performance, the high memory capacity and 

+ fflVrut^tt.tts/n^M the small-sized memory have been required. 
tz 0 m£¥mft&w<nn£i&*cm As a me mory device of a semiconductor 

t ttfi, fi&^-r 4 ^ 9 J $vvi' d ev j ce( the semiconductor non-volatile memory 

^"yX^Wk^fritz^MW produced with a magnetic disc or bulk silicon is 

* V t J: < ffl V ^ used best currently. 
bfriX^^ 0 
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[0005] 

Particularly a magnetic disc is one of the 
biggest objects in being used for a 
semiconductor device about a memory 
capacity. 

However, a size-reduction is difficult. And 
writing-in / read-out velocity is slow. There is the 
fault above. 

[0006] 

On the other hand, particularly a semiconductor 
non-volatile memory is inferior to a magnetic 
disc about a memory capacity currently. 

However, its writing-in / read-out velocity is 
several-dozen-folds of a magnetic disc. 

Moreover, as a semiconductor non-volatile 
memory, that which has sufficient performance 
particularly about the frequency of rewriting or a 
data retention time has been developed. 

Then, the motion using a semiconductor 
memory as a substituted item of a magnetic 
disc has increased recently. 



[0 0 0 7] 



[0007] 



[ftmm&:^&0 t1rZ>Wk [PROBLEM ADDRESSED] 

m 



[00 0 8] [0008] 

Ld*L» i^^^^F^^'j^ However, conventionally, a semiconductor non- 

^ y > y ^ V&Wi vo ' atile mernor y is produced using bulk silicon, 

I^tWsJx ^ y^-v^HX is stored in the package. 

L * - y-* Therefore when it mounts such a 

V)btiX^^%(7)X\ s-O&pK semiconductor non-volatile memory in a 
^ftc^fg^ ^ y £ semiconductor device, a process increases. 

iKfif£fi£4!H"£#a\ X^ s ti A nc j trouble was caused to the size-reduction 

IB jfr^o-^tfv^ y fy— of a semiconductor device for the package size. 

[0 0 0 9] [0009] 

ZX^$£fflfe, JtlEtf^lf £ Tnen this invention was made in view of the 

w " situation of an above. 



02/05/20 



10/89 



(C) DERWENT 



JP11-154714-A 



THOfVISOM 
4- 

DERWENT 



e^TfcSftfcfc^-Cfe!), fill 



It subjects providing the non-volatile memory 
which is integrally formed with the component of 
the other semiconductor device, and is capable 
of size-reduction. 



[0 0 10] 



[0010] 



[RM*#ft-t-*fc«>0^»] [SOLUTION OF THE INVENTION] 



[0011] 

*m w <d h & mmmm £ 5 
t, ^y tft t*<< y*f~> 

^yTFTti. *6iRStE±^?g 
**;h,5 ^ 

-/i-y-f h*ffi£, £*Kc< £ 
^TFTIt H&!S*fiSS4R±^ 

T^y TFT<ttijfS^-r 7f> 
^TFT<hf3, S91E*6»SS± 

utft© <vm $ 



[0011] 

According to the embodiment with this 
invention, the memory cell which consists of a 
memory TFT and the switching TFT is the non- 
volatile memory arranged in a matrix, 
comprised such that the above-mentioned 
memory TFT is equipped with the 
semiconductor active layer formed on an 
insulated substrate, the gate insulating film, the 
floating gate electrode, the anodized film 
obtained by anodizing the above-mentioned 
floating gate electrode, and the control gate 
electrode at least. The above-mentioned 
switching TFT has at least the semiconductor 
active layer formed on the above-mentioned 
insulated substrate, the gate insulating film, and 
the gate electrode. The integral formation of the 
above-mentioned memory TFT and the above- 
mentioned switching TFT is done on the above- 
mentioned insulated substrate. And the 
thickness of the semiconductor active layer of 
the above-mentioned memory TFT is thinner 
than the thickness of the semiconductor active 
layer of the above-mentioned switching TFT. 

The non-volatile memory characterized by the 
above-mentioned is provided. 

The above purpose is accomplished by this. 



[0012] [0012] 

ifuf2^ ^!)T F T&cfcl^fijfS-^ Thickness of the semiconductor active layer of 

the above-mentioned memory TFT and the 
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«<7>J?Sli 10-4 Onmtl) 
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above-mentioned switching TFT, may be less 
than 150 nm. 



[0013] 

The thickness of the semiconductor active layer 
of the above-mentioned memory TFT is 1-50 
nm. 

40-100 nm of the thickness of the 
semiconductor active layer of the above- 
mentioned switching TFT is sufficient. 

[0014] 

10-40 nm of the thickness of the semiconductor 
active layer of the above-mentioned memory 
TFT is sufficient. 



[0015] 

The thickness of the semiconductor active layer 
of the above-mentioned memory TFT may be 
the thickness which is easier to generate impact 
ionization than the thickness of the 
semiconductor active layer of the above- 
mentioned switching TFT. 



[0016] 

More than the double of the tunnel current 
which flows the semiconductor active layer of 
the above-mentioned switching TFT may be 
more than double of the tunnel current which 
flows the semiconductor active layer of the 
above-mentioned switching TFT. 

[0017] 

Moreover according to the embodiment with this 
invention, the memory cell which consists of a 
memory TFT and the switching TFT is the non- 
volatile memory arranged in a matrix, 
comprised such that the above-mentioned 
memory TFT is equipped with the control gate 
electrode formed on an insulated substrate, a 
first insulating film, a floating gate electrode, a 
2nd insulating film, and semiconductor active 
layers at least. 

The above-mentioned switching TFT has the 
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semiconductor active layer at least with the gate 
electrode formed on the above-mentioned 
insulated substrate, and the first insulating film. 

The integral formation of the above- 
mentioned memory TFT and the above- 
mentioned switching TFT is done on the above- 
mentioned insulated substrate. And the 
thickness of the semiconductor active layer of 
the above-mentioned memory TFT is thinner 
than the thickness of the semiconductor active 
layer of the above-mentioned switching TFT. 

The non-volatile memory characterized by the 
above-mentioned is provided. 

The above purpose is accomplished by this. 



[0 0 18] 

ituts^y TFTfccfctfmjie* 

jf(DJ?$(L 150nra*»t* 



[0018] 

Less than 150 nm of the thickness of the 
above-mentioned memory TFT and the 
semiconductor active layer of the above- 
mentioned switching TFT is sufficient. 



[0 0 19] 

mm* ^ y t f t (D^mfcftfe 

Jf£>ff£ Ji 1^50nmt'fe 
19 s E(JlB*>f yfy^TFT© 
¥*#ffittJf £>ff $1*40-1 
0 0 nmtfeoTU^o 



[0019] 

The thickness of the semiconductor active layer 
of the above-mentioned memory TFT is 1-50 
nm. 

Thickness of the semiconductor active layer 
of the above-mentioned switching TFT may be 
40-100 nm. 



[0 0 2 0] 

mlfS^^y TFT<Z>¥*f*:ffit!fe 
M<Og.£\$ 1 0-4 0 n mXh 
mm^A y?->?TVT(0 
^flcffittJf (D ff £ ft 4 0 - 1 
0 O nm'Cfco-Ct) ck^o 

[0 0 2 1 ] 

iffitey y t f t (n^mmvt 
t ft (D^m^'^m^m £ «t 

i/a >&ft£.L J ?ir\,^m£X-h 



[0020] 

The thickness of the semiconductor active layer 
of the above-mentioned memory TFT is 10-40 
nm. 

Thickness of the semiconductor active layer 
of the above-mentioned switching TFT may be 
40-100 nm. 

[0021] 

The thickness of the semiconductor active layer 
of the above-mentioned memory TFT may be 
the thickness which is easier to generate impact 
ionization than the thickness of the 
semiconductor active layer of the above- 
mentioned switching TFT. 
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[0022] 

The tunnel current which flows the 
semiconductor active layer of the above- 
mentioned memory TFT may be more than the 
double of the tunnel current which flows the 
semiconductor active layer of the above- 
mentioned switching TFT. 

[0023] 

moreover according to the embodiment with this 
invention, it is the manufacturing method of the 
non-volatile memory including the process 
which forms the amorphous silicon membrane 
which has first thickness, and the amorphous 
silicon membrane which has 2nd thickness, on 
an insulated substrate, the process which 
crystallize the amorphous silicon membrane 
which has first thickness, and the amorphous 
silicon membrane which has second thickness, 
and forms the polycrystalline silicon membrane 
which has first thickness, and the polycrystalline 
silicon membrane which has 2nd thickness, and 
the process which forms a memory TFT on a 
first polycrystalline silicon membrane, and forms 
switching TFT on a second polycrystalline 
silicon membrane, comprised such that first 
thickness is thinner than second thickness. 

The manufacturing method of the non-volatile 
memory characterized by the above-mentioned 
is provided. 

The above purpose is accomplished by this. 



[0 0 2 4] 

futa^y TFT&cttHijffi^ 

JfCQffSli, 15 0nm*lT' 



[0024] 

Less than 150 nm of the thickness of the 
above-mentioned memory TFT and the 
semiconductor active layer of the above- 
mentioned switching TFT is sufficient. 



[0 0 2 5] 

ASSES 1 Off £ ft 1—5 0 nm 



[0025] 

First thickness is 1-50 nm. 
40-100 nm of second thickness is sufficient. 
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[0026] 

10-40 nm of first thickness is sufficient. 



[0027] 

Thickness of the semiconductor active layer of 
the above-mentioned memory TFT, may be the 
thickness which is easier to generate impact 
ionization than the thickness of the 
semiconductor active layer of the above- 
mentioned switching TFT. 



[0028] 

More than the double of the tunnel current 
which flows the semiconductor active layer of 
the above-mentioned switching TFT may be the 
tunnel current which flows the semiconductor 
active layer of the above-mentioned memory 
TFT 

[0029] 



mmm] 



[Example] 



[0030] mmm i ) 

[0 0 3 1 ] 

EEPROMCol/^^, 
^IWJ(Z)EEPROMft 

[0 0 3 2] 

m<D4 k tr^ Fee pr om© 

t'"7 hEEPROMfi, W%LV> 



[0030] (Example 1) 
[0031] 

This Example describes the non-volatile 
memory formed on an insulated substrate, 
especially EEPROM. 

The integral formation of the EEPROM of this 
Example is done on an insulated substrate with 
periphery circuits, such as the driving circuit. 



[0032] 

Fig. 1 is referred. 

The circuit diagram of 4 k bit EEPROM of this 
Example is shown in Fig. 1. 
4 k bit EEPROM of this Example is composed of 
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^FflHgffi^^y T*fo5o T r 2 



some memory devices Tr1 which can carry out 
an electric elimination, several switching 
devices Tr2, X and Y address decoder 101,102, 
and the other periphery circuit 103,104. 

An address buffer circuit, a control logical 
circuit, etc. are contained in the other periphery 
circuit. They are provided depending on the 
need. 

The memory device (memory element) by 
which each bit information is recorded in Fig. 1 
is shown by Tr1 . 

Tr1 is a P channel type non-volatile memory 
which has a floating gate. 

Tr2 is the N channel switching device Tr2. 



[0 0 3 3] 

2 fli£>T F T (T r liSctt/T 
r 2) Ztl^tKD KWf 

X 1 \fy h^Tf^y ir;u^t#^ 

^^^■y-fe/wtii tfy V(D^m 

^JSF'J^EEPROMfi, 4 
0 9 6 fc> h ( = #J4 k t> h) 

J£0ijT*fi, ISttS*^4 0 9 6 
fc'y hCDEEPROMfCoV^T 

ZUWMMKDE E PROM^tl 



[0033] 

As for two TFTs (Tr1 and Tr2), each drain 
electrode is connected serially mutually. 

This serial-connection circuit constitutes a 1- 
bit memory cell. 

In this Example, this memory cell is arranged 
in the matrix shape of 64 long and 64 wide. 

Each memory cell can store 1-bit information. 

Therefore EEPROM of this Example has the 
memory capacity of 4096 bits (= about 4 k bits). 

In addition, this Example demonstrates 
EEPROM whose memory capacity is 4096 bits. 

However, in the case this invention 
constitutes EEPROM of which memory 
capacity, it may be adapted. 



[0 0 3 4] 

iciEM £ ti X ^ £ ^ y i? 
/Mi. AO, B 0-A6 3, B 
6 3 b^oftflr&tttthtlX^ 



[0034] 

The ends are connected to the signal line to 
which a code called AO, B0-A63, and B63 by 
the memory cell arranged at each row is 
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attached. 

Moreover, as for the memory cell arranged by 
each fine, the gate electrode of each memory 
cell is connected to a signal line CO, D0-C63 - 
D63. 

In addition as shown in Fig. 1, in this 
Example, a code called (0, 0), (1, 0), and (63, 
63) is attached to each memory cell which 
constitutes 4 k bit EEPROM. 



[0035] 

Each signal lines AO, B0.-A63, B63 and CO, 
D0-C63, - D63 are respectively connected to X 
address decoder 101 and Y address decoder 
102. 

A specific memory cell is specified by this X 
address decoder 101 and Y address decoder 
102. Writing-in, reading-out, or an erasure of 
data is performed. 



[0036] 

Next, the constitution of the memory cell of this 
Example is demonstrated using Fig. 2. 

The sectional drawing of the memory cell of 
this Example is shown in Fig. 2. 

In Fig. 2, a left-hand side device is the 
memory device Tr1 . 

A right-hand side device is the switching 
device Tr2. 

The semiconductor active layer 202 of Tr1 
contains the source * drain region 203,204 and 
the channel region 205. 

On the other hand, the semiconductor active 
layer 206 of Tr2 contains the source * drain 
region 207,208, the low-concentration impurity 
region 209, and the channel region 210. 

211 and 212 are gate insulating films. 

213 is a floating gate electrode. 

214,218 is an anodized film. 
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215 is a control gate electrode. 
216,220 and 219 are source * drain electrodes. 
221 is a layer-insulation membrane. 



[0 0 3 7] 

yf^^*?T r 2(7) 
¥«#Sffll0>ff £ d 2 
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»tc*j--r 6 ^ y n 
-r<*<*6o 
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-^101, 10 2£#|j&-f 3 
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[0037] 

As shown in Fig. 2, the thickness d1 of the 
semiconductor active layer of the memory 
device Tr1 differs from the thickness d2 of the 
semiconductor active layer of the switching 
device Tr2. 
It is dKd2. 

Thus, impact ionization (impact ionization; 
impact ionization or collision ionization) in the 
semiconductor active layer of the memory 
device Tr1 becomes easier to happen. 

An injection of the electric charge to the 
floating gate electrode of Tr1 becomes easy to 
happen. 

Moreover, it is preferable that the tunnel 
current which flows the semiconductor active 
layer of a memory device is more than double 
the tunnel current which flows the 
semiconductor active layer of a switching 
device. 

This can write/erase a memory device at a 
low voltage. Degradation of the memory device 
with respect to the frequency of write of a 
memory device decreases. 



[0038] 

in addition, the thickness of the semiconductor 
active layer of TFT which constitutes TFT and 
the other periphery circuit which constitute X 
and Y address decoder 101,102 is the same as 
the thickness of switching TFTTr2. 
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[0039] 

Here, the memory cell (1,1) in Fig. 1 is 
demonstrated for an example about action of 
EEPROM of this Example. 



[0040] 

First, when writing data in a memory device 
(1,1), the voltage of -5V is impressed to A1 . 

Moreover, the voltage of 5V is impressed also 
to a signal line D1. 

Then a signal line B1 falls on GND. If the 
about 20 V high voltage is impressed to signal- 
line C1, the carrier (it is a hole in this case) 
which transfers the channel region of Tr1 is 
accelerated. A weak avalanche collapse or 
impact ionization happens. The hot carrier 
(electron) of a lot of high-energy states 
generates. 

This carrier is injected by the gate insulating 
film. A trap is done to a floating gate electrode. 

An electric charge is thus saved by the 
floating gate electrode of Tr1 . 

When an electric charge is saved by the 
floating gate electrode, the threshold voltage of 
Tr1 changes. 



[0 0 4 1 ] 

JSC 1 (CfiO V^filiD^tL, D 
X B 1 %GNDid*5i:T<!:, 7 

tlX\t^£^$fr&kX\ Trl<D 



[0041] 

Next, when reading data from a memory device 
(1,1), 0V are impressed to signal-line C1. 5V 
are impressed to D1. 

And if B1 is dropped on GND, the threshold 
voltage of Tr1 will change when the electric 
charge is saved by the floating gate electrode, 
and when not being saved. 

The signal which it stored will be read from 
A1. 
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[0042] 

Next, when erasing the data which the memory 
element (1,1) stores, 5V are impressed to a 
signal line D1. A signal line B1 is dropped on 
GND. 

And, if about -20 V voltage is impressed to 
signal-line C1, the electron which is trapped to 
the floating gate electrode will be injected to a 
drain region. 

Therefore, the data which it stored are 
erased. 



[0043] 

The above action is collected into a lower table. 
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[Table 1] 





Al (V) 


Bl (V) 


CI (V) 


Dl (V) 




0/-5 


GND 


2 0 


-5 






GND 


0 


-5 






GND 


-2 0 


-5 



At the time of writing 
At the time of reading 
At the time of erasure 
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Kit^t-TOP^^m In addition, the voltage impressed to a memory 

JTfi IBtS^-f-^^^fffi&ttS e,ement depends on the film thickness of the 

^'ifsprL-tv k n — fistfsf um semiconductor active layer of a memory 
7^ 7 JlXJl element, the capacity between control gate 

m ~ 7 ° >?Wm<0& electrode-floating electrodes, etc. 

ji^{;i{jfe#-t~<5 0 <£o"t, BSttf Therefore, about the operating voltage of a 
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memory element, it is not necessarily restricted 
to the voltage mentioned the above. 



[0046] 

The frequency of rewriting and the information 
retention time are important for EEPROM. 

In order to potentiate many frequency of 
rewriting, it is required that the voltage 
impressed to the control electrode of a memory 
element is made small. 

The thickness of the semiconductor active 
layer of the memory element of this Example is 
thicker than the thickness of the semiconductor 
active layer of TFT which constitutes switching 
TFT and an address decoder. Impact ionization 
tends to happen. The voltage impressed to a 
control electrode can be made low. 



[0047] 

Moreover, in this Example, when it writes in and 
erases data at a memory device, the voltage of 
20V is not impressed to the control electrode of 
a memory device at once. Degradation of a 
device can also be prevented by impressing a 
voltage lower than this by the pulse of multiple 
times. 



[0048] 

Moreover, a high characteristic is required of 
mobility, a threshold voltage, etc. at TFT which 
constitutes EEPROM of this Example. 

Therefore TFT equipped with the 
semiconductor active layer of the amorphous 
silicon used well conventionally is not sufficient. 

Then, how to produce TFT which shows the 
above high characteristics is shown below. 

According to the following production method, 
characteristic TFT is producible. EEPROM of 
this Example can be realized. 
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[0049] 

The production method of EEPROM of this 
Example is demonstrated using Fig. 3 - a Figure 
7. 

In addition, in Fig. 3 - Figure 7, as TFT which 
constitutes EEPROM of this Example, as the 
memory device which constitutes a memory 
cell, a switching device, and the circuit which 
constitutes an address decoder and its other 
periphery circuit, 2 TFT which constitute 
typical CMOS circuit are demonstrated for an 
example. 



[0050] 

Moreover according to the manufacturing 
method of the non-volatile memory shown 
below, it understands that any semiconductor 
device that may be produced using a thin-film 
technology is integrally formed with the non- 
volatile memory of this invention. 



[0051] 

Referring to Figure 3, first, as the substrate 
which has the insulated surface, the quartz 
substrate 301 is provided. 

The silicon substrate which formed the 
thermal-oxidation-ized membrane instead of the 
quartz substrate can also be used. 
Moreover, an amorphous silicon membrane is 
once formed on a quartz substrate. 

It is thermal-oxidation-ized completely to 
make an insulating film. The above method may 
be taken. 

Furthermore, the quartz substrate which 
formed the silicon-nitride membrane as an 
insulating film, and a ceramic substrate may be 
used. 



[0 0 5 2] 



[0052] 



02/05/20 



22/89 



(C) DERWENT 



JP11-154714-A 



£ 2 5 n mldTF^-f^ (m 3 

(a)) 0 xm-mmx'tef&m&m 



4 6 5°C 



0. 5 t o r r 



He (■ 



y ^-M 3 0 0 s c c 



m 



S i - H 6 WS7» 2 5 0 



THOMSON 

— I— — jj^—Wi^— 1M 

DERWENT 

Next, the amorphous silicon membrane 302 is 
formed in thickness of 25 nm (figure 3(A)). 

In this Example, a film forming is performed 
by the pressure-reduction heat CVD method, 
and it forms according to the following 
conditions. 

Film-forming Temperature: 465 degree C 
Film-forming Pressure: 0.5 Torr 
Film-forming Gas: He(helium)300sccmSi2H6 
(disilane)250sccm 



seem 
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[0053] 

Next, a resist membrane is formed. Mask 304 is 
formed by doing a patterning (figure 3(B)). 
After that, the amorphous silicon membrane 
303 is etched. 

The amorphous silicon membrane 304 
partially formed on the substrate is formed (Fig. 
3 (O). 

In addition, any of a dry etching or a wet 
etching may be performed to the etching of the 
amorphous silicon membrane 303. 

In the case of a dry etching, CF4+02 is used. 
Moreover in the case of a wet etching, fluorine 
acid + nitric acid may be used. 
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[0054] 

Next, an amorphous silicon membrane is 
formed in thickness of 50 nm by the method 
mentioned the above again. The amorphous 
silicon membrane 305,306 which is shown in 
Fig. 3 (D) is formed. 

Here as for a film thickness final (film 
thickness which considered membrane 
decrease after thermal-oxidation-izing), the 
amorphous silicon membrane 305 was adjusted 
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so that it might be set to 50 nm. And it adjusted 
so that the amorphous silicon membrane 306 
might be set to 75 nm. 

[0055] 

In addition, it is desirable to clean the surface of 
the amorphous silicon membrane 304 and the 
quartz substrate 301 before 2nd formation of an 
amorphous silicon membrane. 



[0056] 

Moreover, another method may be used for 
formation of the amorphous silicon membrane 
305,306. 

For example, an amorphous silicon 
membrane is entirely formed in 75 nm by the 
method mentioned the above. A mask is formed 
partially. The film thickness was made to reduce 
partially by the etching mentioned the above. 
This amorphous silicon membrane can also be 
obtained. 

[0057] 

In addition, the amorphous silicon membrane 
305 serves as the semiconductor active layer of 
a memory device behind. The amorphous 
silicon membrane 306 serves as semiconductor 
active layers, such as a switching device and 
surrounding CMOS circuit, behind. 



[0058] 

In addition, when the thickness of a final 
semiconductor active layer is 150 nm or more 
(especially 200 nm or more), generation of 
impact Ionization peculiar to SOI is very few. It 
will stop hardly changing with the case 
generated by the non-volatile memory using 
bulk silicon. 

Therefore the characteristic of the non- 
volatile memory by SOI technology cannot be 
pulled out. 

For this reason, in this invention, both the 
final thickness of a semiconductor active layer 
has less than (preferably less than 100 nm) 150 
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[0059] 

Moreover, in this Example, as mentioned the 
above, the final film thickness of the amorphous 
silicon membrane 305 of a memory device was 
set to 50 nm. The final film thickness of the 
amorphous silicon membranes 306, such as a 
switching device and surrounding CMOS circuit, 
was set to 75 nm. However, what is sufficient is 
just to respectively form in the range of 1-50 nm 
(more preferably 10-40 nm) and 40-100 nm 
preferably. It is not necessarily limited to the film 
thickness of this Example. 
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[0060] 

In addition, it is important to manage impurity 
concentration in a membrane thoroughly in 
case of the film forming of an amorphous silicon 
membrane. 

In the case of this Example, in the inside of the 
amorphous silicon membrane 305 and 306, it is 
managed so that the concentration of C 
(carbon) and N (nitrogen) which are the impurity 
which obstructs crystallization may be less 
than 5*1018 atoms/cm 3 (typically 5*1017 
atoms/cm 3 or less, preferably, 2*1017 
atoms/cm 3 or less), and O (oxygen) may be 
less than 1.5*1019 atoms/cm 3, (typically 
1*1018 atoms/cm 3 or less, preferably 5*1017 
atoms/cm 3 or less). 

That is because if each impurity exists by the 
concentration beyond this, an adverse influence 
is done in the case of the next crystallization, 
and the film quality after crystallization is made 
reduce and caused. 

In this description, the impurity element 
concentration of the above in a membrane is 
defined by the minimum value in the 
measurement result of SIMS (mass secondary 
ion analysis). 



02/05/20 



25/89 



(C) DERWENT 



JP1 1-1 5471 4-A 



THOMSON 

* 

DERWENT 



Itf^tcfc^TJR+^fSO^ 
i5c*»Sli, SIMS (K 

[0 0 6 1 ] 

— 2 0 0-4 0 0°C 

3 0 0 s c c mCOC 1 F 3 (7 

[0 0 6 2] 

tfJFrt?fiK3 0 0°C<h U C 1 
F 3 (7-7iM) #*<0Sc* 
£300sccm£ U/c^, 



[0061] 

In order to obtain above constitution, the 
pressure-reduction heat CVD furnace used in 
this Example performs dry cleaning routinely. It 
is desirable to attain cleaning of a film formation 
chamber. 

As for the dry cleaning, CIF3 (fluoride chlorine) 
gas of 100 - 300sccm is passed to the furnace 
interior heated to 200-400 degree C extent. 

What is sufficient is just to cleanse a film 
formation chamber by the fluorine generated 
according to heat decomposition. 



[0062] 

In addition, according to the present inventors's 
findings, when the temperature in the furnace is 
made into 300 degree C, and the rate of flow of 
CIF3 (fluoride chlorine) gas is set to 300sccms, 
the deposit (the principal component of silicon is 
mainly done) of about 2 micrometer thicknesses 
can be removed completely in 4 hours. 
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[0063] 

Moreover, it is a parameter also with the very 
important hydrogen concentration in the 
amorphous silicon membrane 305,306. 

When restraining a hydrogen content low, a 
crystalline good membrane seem to be 
obtained. 

Therefore, it is preferable that the film forming 
of the amorphous silicon membrane 305 and 
306 is a pressure-reduction heat CVD method. 

In addition, a plasma-CVD method can also 
be used by optimizing film-forming conditions. 
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Next, the crystallization process of the 
amorphous silicon membrane 305,306 is 
performed. 

As means of crystallization, a technology 
given in Unexamined-Japanese-Patent 7- 
1 30652 gazette by this inventor is used. 

It is good with both of means, Example 1 and 
Example 2 of said gazette. However, in this 
invention, it is preferable to utilize the technical 
content (detailed to Unexamined Japanese 
Patent 8- 78329 gazette) indicated in Example 
2. 

[0065] 

A technology given in Unexamined Japanese 
Patent 8- 78329 gazette forms the mask 
insulating films 307-309 which select the 
addition region of a catalyst element first. 

And, as the catalyst element which 
encourages crystallization of the amorphous 
silicon membrane 305 and 306, the solution 
containing nickel (Ni) is applied by the spin coat 
method. The Ni -containing layer 310 is formed 
(Figure 4 (A)). 



[0066] 

In addition, as a catalyst element, cobalt (Co), 
iron (Fe), palladium (Pd), platinum (Pt), copper 
(Cu) t gold (Au), germanium (Ge), a lead (Pb), 
an indium (In), etc. can be used besides nickel. 



[0067] 

Moreover, the addition process of an above 
catalyst element is not restricted to a spin coat 
method. The ion-implantation or the plasma 
doping method using the resist mask can also 
be used. 

In this case, it becomes easy to control of a 
reduction of the occupied area of an addition 
region and the growth distance of a horizontal 
growth region. 
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Therefore it becomes an effective technology 
in the case the micronized circuit is constituted. 

[0068] 

Next, if the addition process of a catalyst 
element is completed, after taking hydrogen at 
about 450 degrees C for 1 hour, the heat 
processing of 4-24 hours is added at the 
temperature of 500-700 degree C (typically 
550-650 degree C) into an inert atmosphere, 
hydrogen atmosphere, or oxygen atmosphere. 
Crystallization of the amorphous silicon 
membrane 305 and 306 is performed. 

This Example performs the heat processing 
of C1 4 hours 570 degrees in nitrogen 
atmosphere. 

[0069] 

At this time, the crystallization of the amorphous 
silicon membrane 305,306 preferably advances 
from the nucleus which generated in the region 
311,312 which added nickel. 

The crystalline regions 313,314 and 315 
which grew almost in parallel to the substrate 
surface of a substrate 301 are formed. 
The present inventors is this crystalline region 
313,314. 

And 315 is called horizontal growth area. 

Since each crystallization in the state where it 
became complete comparatively has gathered, 
a horizontal growth region has the entire 
advantage of excelling crystalline (Figure 4 (B)). 
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[0070] 

If the heat processing for crystallization is 
completed, the mask insulating films 307,308 
and 309 will be removed, and a patterning will 
be performed. The insular semiconductor layers 
(active layer) 316-319 which become only in a 
horizontal growth region are formed. 
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[0071] 

Next, the channel formation region of the insular 
semiconductor active layer 316, and 317-319 
are covered by the resist mask 320,321. 

The impurity ion which provides a P-type is 
added. 

In addition, in this Example, B (boron) was 
used as an impurity element. 

However, In (indium) may be used. 

In addition, the acceleration voltage at the 
time of an impurity addition may be about 80 
keVs. 



[0072] 

Therefore, the source * drain regions 125 and 
127 of the insular semiconductor active layer 
316 and the channel formation region 126 are 
formed. 

Moreover, the insular semiconductor active 
layers 317-319 are covered by the resist mask 
321. 

Therefore an impurity is not added. 



[0073] 

After that, the resist mask 321 is removed. 

The gate insulating film 325 which becomes 
by the insulating film including silicon is formed 
(figure 5(A)). 

What is sufficient is just to adjust the film 
thickness of the gate insulating film 325 in 10 - 
250 nm by considering increment by next 
thermal-oxidation-ized process. 
In addition, thickness of the gate insulating film 
of a memory device island-like semiconductor 
active layer is set to 10-50 nm. 

It is good also as 50-250 nm in the thickness 
of the other gate insulating film. 

In addition, Si02, SiON, and SiN etc. may be 
used for this gate insulating film. 

Moreover, the film-forming method should just 
use well-known gaseous-phase methods (a 
plasma-CVD method, sputtering method, etc.). 
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[0074] 

Next, the heat processing (gettering process of 
a catalyst element) for removing or reducing a 
catalyst element (nickel), as shown in figure 
5(A) are performed. 

A halogen element is included in this heat 
processing in process atmosphere. 

The gettering effect of the metallic element by 
the halogen element is utilized. 



[0075] 

In addition, in order to obtain the gettering effect 
by the halogen element sufficiently, it is 
preferable to perform an above heat processing 
at the temperature exceeding 700 degree C. 

A decomposition of the halogen compound in 
process atmosphere becomes difficult below at 
this temperature. There is a possibility that it 
may stop obtaining a gettering effect. 
Therefore preferably, heat-processing 
temperature is made into 800-1000 degree C 
(typically 950 degree C). 

Processing time is set to 0.1 -6hr typically 0.5- 
1 hr. 

In addition, the impurity which exists in a 
source * drain region at the time of an above 
heating needs to be made not to diffuse to a 
channel region. 
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[0076] 

As a typical Example, in the atmosphere 
containing hydrogen chloride (HCI) with the 
concentration of 0.5 - 10 volume % (in this 
Example, three volume %) to the oxygen 
atmosphere, what is sufficient is just to perform 
the heat processing for 950 degree C for 30 
minutes. 

If HCI concentration is done to more than 
above concentration, since the roughness 
about a film thickness will arise on the surface 
of active layers 316-319, it is not desirable. 
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[0077] 

Moreover, as a compound including a halogen 
element, one type or multiple kinds selected out 
of the compound which contains halogen 
elements, such as HF, NF3, HBr, CI2, CIF3, 
BCI3 and F2, and Br2, besides HCI gas, can be 
used. 



[0078] 

In this process, the gettering of nickel in an 
active layer 316-319 is done by effect of 
chlorine. It becomes volatile nickel chloride and 
it detaches and removes into atmosphere. 

And, concentration of nickel in an active layer 
316-319 is reduced to 5*1017 atoms/cm3 or 
less (typically 2*1017 atoms/cm3 or less) 
according to this process. 

In addition, according to experience of the 
present inventors, if nickel concentration is 
1*1018 atoms/cm 3 or less (preferably 5*1017 
atoms/cm3 or less, an adverse influence does 
not appear in TFT characteristic. 



[0079] 

Moreover, the above gettering process is 
effective also for other metallic elements other 
than nickel. 

As a metallic element which can be mixed 
into a silicon membrane, the constitutent 
elements (typically aluminium, iron, chrome, 
etc.) of a film-forming chamber can mainly be 
considered. 

However if an above gettering process is 
performed, the concentration of these metallic 
elements can also be made 5*1017 atoms/cm 3 
or less (preferably 2*1017 atoms/cm3 or less). 
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[0080] 

In addition, if an above gettering process is 
performed, in an active layer 316-319, the 
halogen element used to the gettering process 
remains by the concentration of 1*1016 - 
1M020atoms/cm3. 



[0081] 

Moreover, by the boundary surface of active 
layers 316-319 and the gate insulating film 325, 
thermal-oxidation-ized reaction advances by the 
above heat processing. The film thickness of 
the gate insulating film 325 increases only the 
part of a thermal-oxidation-ized membrane. 

Thus if a thermal-oxidation-ized membrane is 
formed, the few semiconductor / few insulating- 
film boundary surface of an interface state can 
be very obtained. 

Moreover, there is also an effect which 
prevents poor formation (edge thinning) of the 
thermal-oxidation-ized membrane in an active 
layer-edge part. 

[0082] 

Furthermore, after giving the heat processing in 
above halogen atmosphere, a heat processing 
of 950 degree C, about one hour is performed in 
nitrogen atmosphere. It is also effective to aim 
at the improvement in the film quality of the gate 
insulating film 325. 



[0083] 

Next, the metal film which makes not shown 
aluminium a principal component is formed a 
film. The patterns 129-132 of a next gate 
electrode are formed by the patterning. 

In this Example, the aluminium membrane 
containing the 2-wt% scandium is used. 

In addition, a tantalum membrane, the silicon 
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membrane which has electroconductivity can 
also be used besides this (figure 5(B)). 



[0084] 

A technology given [ by the present inventors ] 
in Unexamined-Japanese-Patent 7-135318 
gazette is utilized here. 

In said gazette, the technology which forms 
an impurity region in low concentration with a 
source / drain region in self-adjustment using 
the oxide film formed by the anodic oxidation, is 
indicated. 

The technology is demonstrated simply 
below. 
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[0085] 

First, an anodizing is performed a resist mask 
(not shown) used to the patterning of an 
aluminium membrane in 3% oxalic-acid 
aqueous solution still under a remaining. The 
porous anodized films 330-337 are formed. 

Since this film thickness becomes the length 
of an impurity region in low concentration 
behind, it joins to it and a film thickness is 
controlled. 
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[0086] 

Next, after removing a not shown resist mask, 
an anodizing is performed in the electrolyte 
which mixed 3% of tartaric acid in the ethylene- 
glycol solution. 

In this process, the precise non-porous 
anodized films 338-341 are formed. 

A film thickness is good at 70-120 nm. 
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[0087] 

And, the aluminium membranes 342-345 which 
remained after the anodizing using 2 times of 
above-mentioned function as a gate electrode 
substantially (Fig. 5 (C)). 
In addition, the aluminium membrane 342 
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[0088] 

Next the gate insulating film 325 is etched, 
using the gate electrodes 342-345 and the 
porous anodized films 330-337 as a mask by 
dry-etching method. 

A patterning is carried out to 346-349 (Figure 
5(D)). 



[0089] 

And, the porous anodized films 330-337 are 
removed (figure 6(A)). 

In this way the edge part of the gate 
insulating films 346-349 formed will be in the 
state where it exposed by a part for the film 
thickness of the porous anodized films 330-337. 
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[0091] 

Next, the addition process of the impurity 
element which provides 1 electroconductivity is 
performed. 

What is sufficient is just to use P 
(phosphorus) or As (arsenic), if it is a N-type as 
an impurity element. What is sufficient is just to 
use B (boron) or In (indium), if it is a P-type. 
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[0092] 

First, in order to perform an impurity addition of 
N-type TFT, the resist mask 350,351 is formed. 

In this Example, an impurity addition is 
divided into 2 times of processes, and is 
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performed. 

First, 1st impurity addition (P (phosphorus) is 
used in this Example) is performed by about 80 
keVs of high acceleration voltages, n-region is 
formed. 

This n-region is adjusted so that P ion 
concentration may become 1*1017atoms/cm3 - 
1M019atoms/cm3. 
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[0093] 

Furthermore, 2nd impurity addition is performed 
by about 10 keVs of low acceleration voltages. 
n+ region is formed. 

Since an acceleration voltage is low at this 
time, a gate insulating film functions as a mask. 

Moreover, this n+ region is adjusted so that a 
sheet resistor may become below 500 
(OMEGA) (preferably 300 (OMEGA) or less ). 



[0094] 

Therefore, the source * drain regions 352-355, 
the low-concentration impurity region 356,357 
and the channel region 358,359 of N-type TFT 
are formed. 



[0095] 

Next, as shown in Fig. 6 (D), N-type TFT is 
covered and the resist mask 360,361 is 
provided. The impurity ion (a boron is used in 
this Example) which provides a P-type is added, 
p- region and p+ region are formed. 

This p- An region is adjusted so that a boron 
ion concentration may serve as 1*1017atoms / 
cm3 or more (preferably 1*1018atoms / cm3 or 
more). 

Ga, In, etc. may be used other than a boron. 
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[0096] 

In this way the source * drain region 362,363, 
the low-concentration impurity region 364 and 
the channel formation region 367 of P-type TFT 
are formed (Fig. 6 (D)). 



[0097] 

As mentioned the above, the impurity region is 
formed in TFT of the switching TFT and the 
other periphery circuit in low concentration. 

Therefore in the thickness of a semiconductor 
active layer, even when thin, impact ionization 
has stopped happening. 
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[0098] 

If an active layer is perfected as mentioned 
above, an impurity element is activated with 
the combination, such as a furnace annealing, a 
laser annealing, and a lamp annealing. 

Simultaneously, the damage of an active 
layer received at the addition process is also 
recovered. 
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[0099] 

In addition, the channel formation region of TFT 
of this Example has the few number of 
mismatching bonds. It can be said that it is a 
single crystal substantially. 
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[0100] 

Next, the layer-insulation membrane 368 is 
formed in thickness of 500 nm. 

As the layer-insulation membrane 368, a 
silicon-oxide membrane, a silicon-nitride 
membrane, an oxidation silicon-nitride 
membrane, organic resin membranes, or those 
laminated film can be used. 
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[0101] 

Next, after forming a contact hole, the source * 
drain electrodes 369-374 and the control gate 
electrode 375 of a memory device are formed. 

This control gate electrode 375 is connected 
to the upper face of an anodized film 338 
(Figure 7 (B)). 
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[0102] 

Finally, the whole substrate is heated for one to 
2 hours in 350-degree C hydrogen atmosphere. 
The termination of the dangling bond (azygos 
bond) in a membrane (especially inside of an 
active layer) is done by hydrogenating the 
whole device. 

TFT of the structure which is shown in Figure 
7 (B) is producible with the above process. 
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[0103] 

(Realization about the impurity contained in an 
active layer) C (carbon), N (nitrogen) and O 
(oxygen) which are the element which obstructs 
crystallization do not exist or not exist 
substantially in the active layer (semiconductor 
thin film) of this Example. The description is in 
the point of an above. 

This is the constitution which can be made by 
thorough impurity (contaminant) management. 
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[0104] 

In the case of this Example, mixing of C 
(carbon), N (nitrogen), and O (oxygen) is 
thoroughly avoided in the film forming of an 
amorphous silicon membrane. 
Therefore, the concentration of C (carbon) and 
N (nitrogen) which exist in a final semiconductor 
film inevitably is at least 5*1018 atoms/cm3 
(typically 5*1017 atoms/cm3 or less, preferably, 
2*1017 atoms/cm3 or less), the concentration of 
O (oxygen) is at least less than 1.5*1019 
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atoms/cm3 (typically 1*1018 atoms/cm3 or less, 
preferably, 5*1017 atoms/cm3 or less). 
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[0105] 

In addition, in the semiconductor film which 
consists only of silicon purely, the concentration 
of silicon is about 5*1022 atoms/cm3. 

Therefore, for example, a 5*1018 atoms/cm3 
impurity element is equivalent to existing by 
about 0.01 atomic% concentration. 
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[0106] 

moreover, concentration of C (carbon), N 
(nitrogen) and O (oxygen) which exist in a 
desirable final semiconductor film is made 
below into the detection minimum, further 
desirably into the state where it does not exist 
completely in SIMS analysis. This is required 
in order to obtain the crystallinity excellent. 



[0107] 

The present inventors analyzed by SIMS. 

As a result, when the amorphous silicon 
membrane in which each concentration of C, N, 
and O satisfies the above concentration range 
is used as a start membrane, it is made clear 
that the concentration of C, N and O which are 
contained in the active layer of perfected TFT 
also satisfies the above concentration range. 



[0108] 

Here, the circuit layout of the non-volatile 
memory of this implementation is shown to 
figure 8(A). 
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Figure 8(B) shows the sectional drawing of A-A' 
in figure 8(A). 

Fig. 8 (C) shows the equivalent-circuit figure 
of figure 16(A). 

[0109] 

Fig. 8 801-808 are semiconductor active layers 
In (A): 

TFTTr1-Tr8 are constituted. 

809-812 are first wiring layers. 
It utilizes as wiring of the gate electrode of Tr2, 
Tr4, Tr6, and Tr8, wiring of a gate signal line, 
and the gate signal line of Tr1 , Tr3, Tr5, and Tr7. 

In addition, the floating gate electrodes SIS- 
SIS of Tr1, Tr3, Tr5, and Tr7 are simultaneously 
formed with a first wiring layer. It becomes the 
state of a floating after doing a patterning. 

817-828 are 2nd wiring layers. 
As a signal line connected to each source * 
drain region of Tr, it is used as a control gate 
electrode of Tr1, Tr3, Tr5, and Tr7. 

moreover, the part which is in the drawing(s) 
alike, sets and is smeared away black shows 
that it takes wiring or the semiconductor layer 
and the contact of the lower part. 

In addition, in the drawing(s), all wiring of the 
same patterns are the same wiring layers. 
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[0110] 

In the non-volatile memory of this invention, the 
film thickness of the semiconductor active layer 
of a memory device is made thinner than the 
film thickness of the semiconductor active layer 
of the device which constitutes a switching 
device and the other periphery circuit. 
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Therefore impact ionization tends to happen 
in a memory device. The write/erasure of a 
memory device can be performed by the low 
voltage. 

This is connected with a reduction of the 
degradation with respect to the frequency of 
write/erasure of a memory device. 

In EEPROM conventionally produced with 
bulk silicon, since this has a comparatively thin 
gate insulating film, it is the reformist solution 
method with respect to degradation of a gate 
insulating film having arisen. 

Furthermore, with the conventional bulk 
silicon, since a gate insulating film is thin, the 
carrier accumulated at the floating gate 
electrode will flow out by raise of temperature. It 
is also the solution method with respect to this. 



[0111] (Example 2) 
[0112] 

In this Example, the quartz substrate of a first 
cheap lower grade is prepared. 
Next, the quartz substrate is ground into the 
ideal state (preferably, the mean value of the 
difference of a corrugated part is less than 2 nm 
less than 3 nm typically less than 5 nm) by 
approaches, such as CMP (chemo-mechanical 
polish). 



[0113] 

Thus, even if it is a cheap quartz substrate, it 
can utilize as an insulating substrate which has 
the flatness which was excellent with the 
sanding. 

Since a foundation will become very precise if 
a quartz substrate is used, the stability of a 
foundation / semiconductor thin-film boundary 
surface is high. 

Moreover, since there is almost also no 
influence of a contamination from a substrate, 
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utilization value is very high. 
[0114] mmm 3 ) [0114] (Example 3) 
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[0115] 

Example 1 showed the example using a 
halogen element in the process which does the 
gettering of the catalyst element which 
encourages crystallization of silicon. 

In this invention, a phosphorus element can 
also be used for the gettering process of a 
catalyst element. 

The other process shall follow Example 1 . 



[0116] 

When using a phosphorus element, a 
phosphorus is added to areas other than the 
area used as an active layer. 

What is sufficient is just to perform the heat 
processing of 1min-20hr (typically 30min- 3 hr) 
at a temperature of 400-1050 degree C 
(preferably 600-750 degree C). 

The gettering of the catalyst element is done 
to the region which added the phosphorus by 
this heat processing. 

Therefore concentration of the catalyst 
element in an active layer is reduced by 5*1017 
atoms/cm3 or less. 



[0117] 

In this way if a gettering process is finished, an 
active layer will be formed using regions other 
than the region which added the phosphorus. 

Then, if the process of Example 1 is followed, 
the semiconductor device which has the same 
description as Example 1 will be obtained. 



[0118] 

Of course, if a heat processing is performed in 
the atmosphere including a halogen element in 
the case the thermal-oxidation-ized membrane 
used as a gate insulating film is formed, the 
synergistic effect of the gettering effect by the 
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phosphorus element of this Example and the 
gettering effect by the halogen element will be 
obtained. 

[0119] (Example 4) 
[0120] 

This Example demonstrates the case where 
EEPROM is constituted, by TFT of a reverse 
stagger type using Fig. 9 - 11 . 

In addition, in Fig. 9-11, only one memory 
cell (a memory device and switching device) 
which constitutes EEPROM is observed. 

However, an address decoder, a periphery 
circuit, etc. may be formed simultaneously. 

In fact, EEPROM is constituted by several 
memory cell, and the address decoder and the 
periphery circuit which have been arranged in 
the shape of a matrix as shown in Fig. 1 
demonstrated in Example 1 . 



[0121] 

Figure 9 is referred. 

First, the foundation membrane 902 which 
becomes by the silicon-oxide membrane is 
provided on a glass substrate 901. The gate 
electrode 903,904 is formed on it. 

The gate electrode 903 turns into the control 
gate electrode of a memory device behind. The 
gate electrode 904 turns into the gate electrode 
of a switching device behind. 

In this Example, the chrome membrane of 
200 nm - 400 nm thicknesses is used as a gate 
electrode 903,904. 

However, aluminum alloy, tantalum, tungsten, 
molybdenum, the silicon membrane which 
provided electroconductivity may be used. 
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[0122] 

Next, the gate insulating film 905 is formed on 
the gate electrode 903,904 at the thickness of 
100-200 nm. 

As a gate insulating film 905, the laminated 
film of a silicon-oxide membrane, a silicon- 
nitride membrane or a silicon-oxide membrane, 
and a silicon-nitride membrane is used. 

Moreover, the anodized film obtained by 
doing the anodic oxidation of the gate electrode 
can also be utilized as a gate insulating film. 



[0123] 

Moreover, the gate insulating film by the side of 
this memory device specifies the capacity 
between the floating gate electrodes and the 
control gate electrodes which are formed by the 
next process. 

The voltage which changes the film thickness 
and is impressed to a floating gate electrode 
can be adjusted. 

Therefore, the thickness of the gate insulating 
film 905 is not necessarily restricted to the 
range above. Moreover, a film thickness may be 
changed partially. 



[0124] 

Next, the floating gate electrode 906 is formed 
(figure 9(B)). 

In this Example, a chrome membrane is used 
as a floating gate electrode. 

However, aluminum alloy, tantalum, tungsten, 
molybdenum, the silicon membrane which 
provided electroconductivity may be used. 
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[0125] 

Next, an insulating film 907 is formed in 
thickness of 10-50 nm. 

As an insulating film 907, the laminated film of 
a silicon-oxide membrane, a silicon-nitride 
membrane or a silicon-oxide membrane, and a 
silicon-nitride membrane is used. 
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[0126] 

Next, it forms by the method of having shown 
the amorphous silicon membrane 908,909 to 
figure 3(A)- (D) of Example 1 (Fig. 9 (C)). 

In addition, in this Example, the final film 
thickness of the amorphous silicon membrane 
909 of 50 nm and a switching device was set to 
75 nm the final film thickness of the amorphous 
silicon membrane 908 of a memory device. 
However, what is sufficient is just to respectively 
form in the range of 1-50 nm (preferably 10-40 
nm) and 40-100 nm. It is not necessarily limited 
to the film thickness of this Example. 

Moreover, the film thickness of the 
amorphous silicon membrane of TFT of an 
address decoder or a periphery circuit not 
shown may be produced with the similar film 
thickness to a switching device. 
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[0127] 

Next, strong irradiation of light which has 
intensity equivalent to a laser light or a laser 
light is performed to the amorphous silicon 
membrane 908 and 909. Crystallization of an 
amorphous silicon membrane is performed (Fig. 
9 (D)). 

As a laser light, an excimer laser light is 
preferable. 

What is sufficient is just to utilize the pulse 
laser which used KrF, ArF, and XeCI as the light 
source, as an excimer laser. 
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[0128] 

Moreover, as a strong light with intensity 
equivalent to a laser light, the strong light from a 
halogen lamp or a metal haiide lamp, an 
infrared-light, or the strong light from a ultra- 
violet-ray lamp can be utilized. 
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[0129] 

In this Example, a processed excimer laser light 
is linearly scanned from one end of a substrate 
to another end. 

The whole surface of an amorphous silicon 
membrane is crystallized. 

The sweep velocity of a laser light is set to 1.2 
mm/s at this time. Process temperature is set 
into a room temperature and a pulse frequency 
is set to 30Hz. A laser energy is made into 300- 
315 mJ/cm2. 

A crystalline silicon membrane is obtained 
according to this process. 

[0130] 

In addition, the crystallization method used also 
for the amorphous silicon membrane of this 
Example in Example 1 or Example 3 may be 
used. 



[0131] 

Moreover, it is understood that the 
crystallization method of this Example may be 
used also for the amorphous silicon membrane 
of Example 1. 



[0132] 

Next Fig. 10 is referred. 

The patterning of the crystalline silicon 
membrane is done. Active layers 910 and 911 
are formed. 



[0133] 

Next, the impurity element which provides 1 
electroconductivity is added. 

First, the active layer which forms the channel 
region of a memory device, N-type TFT, and P- 
type TFT is covered with a resist mask (not 
shown). The impurity element (in this Example, 
use a boron an indium etc. may be used) which 
provides a P-type is added. 

The p- region (a low concentration impurity 
region not shown) where the boron ion 
concentration is 1*1017atoms / cm3 or more 
(preferably 1*1018atoms / cm3 or more) is 
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[0134] 

Next, the resist masks 912 and 913 are formed 
(figure 10(B)). 

And, the impurity element which provides a 
P-type is added so that it may become about 
1*1018 to 1*1020 atoms/cm3 concentration. 
The source region 914 and the drain region 915 
of P-type TFT are formed. 

Moreover, the part covered by the resist mask 
912 among active layers serves as a channel 
region (figure 10(B)). 



[0135] 

Next, the resist masks 912 and 913 are 
removed. 

The resist masks 917 and 918 are formed. 

And, the impurity element (in this Example, 
used the phosphorus an arsenic etc. may be 
used) which provides a N-type is added. 

The low concentration impurity regions 919 
and 920 of about 1*1017 to 5*1018 atoms/cm3 
are formed (Fig. 10 (C)). 
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[0136] 

Next, the resist masks 917 and 918 are 
removed. 

The resist masks 921 and 922 are formed. 

And, the impurity element which provides a 
N-type again is added to a high concentration 
(1*1018 to 1*1020 atoms/cm3) from the process 
of Fig. 10 (C). The source * drain regions 923 
and 924 of N-type TFT are formed. 

In addition, 925 is an impurity region in low 
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is a channel formation 



[0137] 

Next, after removing the resist masks 921 and 
922, an excimer laser light is irradiated (laser 
annealing). The impurity added with recovery of 
the damage at the time of an ion implantation is 
activated (figure 11(A)). 



[0138] 

If a laser annealing is completed, the layer- 
insulation membrane 927 will be formed in 300- 
500 nm (figure 11(B)). 

The layer-insulation membrane 927 is 
constituted by a silicon-oxide membrane, a 
silicon-nitride membrane, organic resin, or 
those laminated film. 



[0139] 

Next, a contact hole is formed in the layer- 
insulation membrane 927. 
The source * drain electrodes 928,929 and 930 
which change by the metal thin film are formed. 
What is sufficient is just to use aluminium, 
tantalum, titanium, tungsten, molybdenum, or 
those laminated film as this metal thin film 
(figure 11(B)). 



[0140] 

Next, it receives entirely and the heat 
processing of about 2 hours is performed at 350 
degree C in hydrogen atmosphere. The 
hydrogen termination of the azygos bond in a 
membrane (especially channel formation 
region) is done. 
The state of figure 11(B) is obtained 



02/05/20 



47/89 



(C) DERWENT 



JP11-154714-A 



[0141] 



mmm 5 ) 



[0142] 

±Mnmm 1 - 4 <d^w%^ 



THOMSON 

^ 

DERWENT 

according to the above process. 
[0141] (Examples) 
[0142] 

The non-volatile memory of above Examples 1- 
4 has various applications. 

This Example demonstrates the 
semiconductor device which used these non- 
volatile memories. 
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[0143] 

A video camera, a still camera, a head mount 
display, a car navigation, a personal computer, 
portable information terminals (a mobile 
computer, mobile telephone, etc.), etc. are 
mentioned to such a semiconductor device. 
Those examples are shown in Figure 12. 
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[0144] 

Figure 12(A) is a mobile telephone. 

It consists of a main body 1201, the voice 
output part 1203, the voice input part 1203, a 
display device 1204, an operation switch 1205, 
and an antenna 1206. 

The integral formation of the unvotatile 
memory of this invention may be carried out 
with a display device 1204. 



[0145] 

Figure 12(B) is a video camera. 

It consists of a main body 1301, the display 
device 1302, the voice input part 1303, an 
operation switch 1304, a battery 1305, and an 
image-receiver part 1306. 

The integral formation of the non-volatile 
memory of this invention may be carried out 
with a display device 1302. 
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[0146] 

Figure 12 (C) is a mobile computer. 
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It consists of a main body 1401, the camera 
part 1402, an image-receiver part 1403, an 
operation switch 1404, and a display device 
1405. 

The integral formation of the non-volatile 
memory of this invention may be carried out 
with a display device 1405. 



[0147] 

Figure 12 (D) is a head mount display. 

It consists of a main body 1501, a display 
device 1502, and a band part 1503. 

The integral formation of the non-volatile 
memory of this invention may be carried out 
with a display device 1502. 



[0148] (Example 6) 
[0149] 

This Example demonstrates the case where Ta 
(tantalum) or Ta alloy is used for a gate 
electrode, in the production method of having 
demonstrated in above Example 1 - Example 5. 
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[0150] 

If Ta or Ta alloy is used for a gate electrode, it 
can thermal-oxidation-ize at about 600 degree 
C from about 450 degree C. The good oxide 
film of film quality, such as Ta203, is formed on 
a gate electrode. 

It is known that the film quality is better than 
the oxide film which demonstrated this oxide 
film in above Example 1 and which is formed 
when using Al (aluminium) as a gate electrode. 



[0151 



[0151] 

This is found 
characteristic 



out by the fact that in J-E 
(current-density-field-strength 
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characteristic) which is one of breakdown- 
voltage evaluation of an insulating film, the 
oxide film of ta or Ta alloy has a characteristic 
better than the oxide film of Al. 
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[0152] 

Moreover, the dielectric constant of Ta203 is 
before and after 11.6. 

Since the capacity between floating gate - 
control gates is big, there is also an advantage 
that it is tended to inject a floating gate an 
electric charge compared with the case where 
Al is used for a gate electrode. 



[0153] 

Moreover, when Ta is used for a gate electrode, 
an anodic oxidation can also be done as carried 
out in the above Example. 



[0154] 

(Realization about CGS) 
[0155] 

Here, it is produced by the production method 
indicated in above Example 1, and a 
semiconductor thin film is demonstrated. 

According to the production method of above 
Example 1, an amorphous silicon membrane is 
crystallized. The crystalline-silicon membrane 
called continuous grain-boundary crystalline 
silicon (the so-called Continuous Grain 
Silicon:CGS) can be obtained. 



[0156] 

That the horizontal growth region of the 
semiconductor thin film obtained by the 
production method of above Example 1 is 
cylindrical or the unique crystal structure which 
consists of the aggregate of compressed 
cylindrical crystallization is shown. 
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The characteristic is shown below. 
[0157] 



[The realization about the crystal structure 
of an active layer] 
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[0158] 

The horizontal growth region formed according 
to the production process of above Example 1 
has the crystal structure where several 
cylindrical (shape of or deflection flat bar) 
crystals were mutually located in almost parallel 
with the regularity to the specific direction seen 
microscopically. 

This can be easily confirmed by the 
observation by TEM (transmission-electron- 
microscope method). 

[0159] 

Moreover, the present inventors magnifies the 
crystal_garin_boundary of the semiconductor 
thin film obtained by the production method 
mentioned the above by 8,000,000 times using 
HR-TEM (high-resolution transmission- 
electron-microscope method). 

It observed in detail (figure 13(A)). 

However, in this description, a 
crystal_garin_boundary is defined as the grain 
boundary formed in the limit where the 
cylindrical crystals which differ unless otherwise 
state. 

Therefore, it is considered to be different from 
for example, the grain boundary which is formed 
by colliding a separate horizontal growth 
regions in a macro meaning. 



[0160] 

By the way, HR-TEM above-mentioned (high- 
resolution transmission-electron-microscope 
method) is the approach of irradiating an 
electron beam vertically to a sample and 
evaluating atomic * molecular sequence using 
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interference of a transmission electron or an 
elastic-scattering electron. 

The sequence state of a crystal lattice can be 
observed as lattice stripes by using said 
approach. 

Therefore, the binding state of the atoms in a 
crystal_garin_boundary can be assumed by 
observing a crystal_garin_boundary. 
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[0161] 

With TEM photography (figure 1 3(A)) which the 
present inventors got, the state where the 
different two crystal grain (cylindrical crystal 
grain) touched by the crystal_garin_boundary 
was observed clearly. 

Moreover, it is confirmed by the electron 
diffraction at this time that a two crystal grain is 
an outline {110} orientation although some shift 
is contained in the crystallographic axis. 
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[0162] 

In the lattice striped observation by the TEM 
photography above by the way, the lattice 
stripes corresponded in {110} surfaces in {111} 
surfaces were observed. 

In addition, the lattice stripes corresponded to 
{111} surfaces have pointed out the lattice 
stripes to which {111} surfaces appear in a cross 
section, when a crystal grain is cut along the 
lattice stripes. 

To which surface the lattice stripes 
corresponds is confirmed by the distance 
between lattice stripes in simple. 
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[0163] 

At this time, the present inventors observed in 
detail TEM photography of the semiconductor 
thin film obtained by the production method of 
Example 1 mentioned the above. 

As a result, very interesting findings were 
obtained. 

In the different two crystal grain which is 
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visible to photography, the lattice stripes 
corresponded to {111} surfaces were visible to 
both. 

And, it was observed that mutual lattice 
stripes are running in parallel clearly. 



[0164] 

Furthermore, the lattice stripes of the two crystal 
grain which differs regardless of a presence of a 
crystal_garin_boundary as crosses a 
crystal_garin_boundary connected. 

That is, most lattice stripes observed as cross 
a crystal_garin_boundary are lattice stripes of a 
different crystal grain. Nevertheless, it has 
confirmed that it was continuously linearly. 

This is similar at arbitrary 
crystal_garin_boundaries. 

90 % or more (typically 95 % or more) entire 
lattice stripes are maintaining the continuity by 
the crystal_garin_boundary. 



[0165] 

Such crystal structure (accurately structure of a 
crystal_garinjDOundary) shows that the two 
crystal grains which differ in a 
crystal_garin_boundary are joining with 
extremely sufficient adjustment. 
Namely, in a crystal_garin_boundary, a crystal 
lattice is continuously linked. 

It is the constitution which seldom makes the 
trap level resulting from a crystal defect etc. 

In other words, it can be said that it is a 
continuity in a crystal lattice in a 
crysta l_ga ri n_bo und a ry. 

[0166] 

In addition, in figure 13(B), the present 
inventors performed as a reference the analysis 
by electron-diffraction and HR-TEM observation 
also about the conventional polycrystalline 
silicon membrane (the so-called high- 
temperature polysilicon membrane). 
As a result, in the two crystal grain which differs, 
mutual lattice stripes are completely running to 
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scattered pieces. 

There was almost no joining which continues 
with sufficient adjustment by the 
crystal_garin_boundary. 

That is, there are many parts (part shown by 
the arrow head) which lattice stripes interrupted 
at a crystal_garin_boundary. It became clear 
that there are many crystal defects. 
An uncombined hand will exist in such a part. 

Possibility of obstructing a transfer of a carrier 
as a trap level is high. 
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[0167] 

The present inventors calls adjustment binding 
the binding state of an atom when lattice stripes 
correspond with sufficient adjustment like the 
semiconductor thin film obtained by the 
production method of Example 1 mentioned the 
above. The bond at that time is called 
adjustment bond. 

Moreover, conversely, as seen on the 
conventional polycrystalline silicon membrane 
mostly the binding state of an atom in case 
lattice stripes do not correspond with sufficient 
adjustment is called mismatching binding. The 
bond at that time is called mismatching bond (or 
azygos bond). 
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[0168] 

Since the semiconductor thin film utilized by the 
non-volatile memory of this invention is 
extremely excellent in the adjustment in a 
crystal_garin_boundary, its above-mentioned 
mismatching bond is extremely few. 

The present inventors investigated about 
several arbitrary crystal_garin_boundaries. 

As a result, the abundance of the 
mismatching bond with respect to a bond entire 
was 10% or less (preferably a 5% or less, more 
preferably 3% or less). 

That is, 90 % or more (preferably 95 % or 
more, more preferably 97 % or more) of an 
entire bond is constituted by the adjustment 
bond. 
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[0169] 

Moreover, the result which observed the 
horizontal growth region produced according to 
the production method of above-mentioned 
Example 1 by the electron diffraction is shown 
in figure 14(A). 

In addition, figure 14(B) is the electron- 
diffraction pattern of the conventional polysilicon 
membrane (what is called high-temperature 
polysilicon membrane) observed for the 
comparison. 
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[0170] 

In addition, figure 14(A) and figure 14(B) are 
measuring by setting the path of the irradiation 
spot of an electron beam to 1 .35 micrometers. 
Therefore, it may consider that information on 
sufficient macro region is gathered compared 
with a lattice striped level. 
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[0171] 

Moreover, Fig. 14 (C) is model of the electron- 
diffraction pattern at the time of irradiating an 
electron beam vertically to {110} surfaces of a 
single crystal silicon. 

Usually such an electron-diffraction pattern 
and an observation are compared, and it 
assumes what the orientation of an observation 
sample is. 
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[0172] 

In the case of figure 14(A), the diffraction spot 
corresponded to <110> irradiation which is 
shown in Fig. 14 (C) has appeared 
comparatively finely. A crystallographic axis is 
<110> axes (a crystal plane is {110} surfaces). 
This can be confirmed. 
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In addition, each spot has 
concentric circle slightly. 



the breadth of a 
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However, this is estimated because it has a 
distribution of a certain amount of rotation angle 
in the circumference of a crystallographic axis. 

Even when it estimates the grade of the 
breadth from a pattern, it is less than 5 degrees. 
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[0174] 

Moreover, there was some cases where the 
diffraction spot was not in sight partially in 
multiple observations (Even in figure 14(A), a 
part of diffraction spot is not in sight). 

It is an outline {110} orientation probably. 

However, since the crystallographic axis is 
shifted slightly, it is considered that the 
diffraction pattern has stopped being visible. 
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[0175] 

The present inventors is based on the fact that 
{111} surfaces are included almost always, in a 
crystal plane, and is assuming that the shift of 
the angle of rotation of the circumference of 
<111> axes will be the cause of such a 
phenomenon probably. 



[0 17 6] 

— ^\ in 1 4 (b) tc^-rm^- 

zz.k&mBX'$z> 0 mh, { i 
i o } mj,9\-(nm^iiL<D^§ i fr 

[0177] 

(D^mm i <DftM%mc&z>i& 
w&mmv$ {lio} stciiE 



[0176] 

On the other hand, in the case of the electron- 
diffraction pattern shown in figure 14(B), clear 
regularity is not looked at by the diffraction spot. 
It can confirm orientating to a random almost. 

That is, the crystal of surface bearings other 
than {110} surfaces is estimated as being 
intermingled irregularly. 



[0177] 

As seen by these results, all crystal grains are 
orientating almost all the descriptions of the 
crystalline silicon membrane by the production 
method of above-mentioned Example 1 to an 
outline {110} surface. 
And, it is in having a continuity in a lattice in a 
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cry st a l_g a ri n_b o u n d a ry. 

This description is not in the conventional 
polysilicon membrane. 



[0178] 

As mentioned above, the semiconductor thin 
film produced by the production method of 
above-mentioned Example 1 was the 
semiconductor thin film which has the crystal 
structure (accurately structure of a 
crystal_garin_boundary) which completely 
differs from the conventional semiconductor thin 
film. 

The present inventors demonstrated the 
result which analyzed about the semiconductor 
thin film utilized by this invention also in 
Japanese-Patent-Application-No. 9- 55633, 
said 9- 165216, and said 9- 212428. 
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[0179] 

In addition, the present inventors performs X- 
ray diffraction according to the approach 
indicated to Unexamined-Japanese-Patent 7- 
321339 gazette. The orientation ratio was 
computed about the crystalline silicon 
membrane of the above-mentioned production 
method. 

The orientation ratio is defined by the 
calculation method which is shown in the 
following expression 1 by some said gazette. 

[0180] 



[Equation 1] 
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[Equation 1] 

{220} orientation abundance-ratio =1 (fixed) 

{111} orientation abundance-ratio = Relative on-the-strength of {111} of a sample 
with respect to {220}/ Relative intensity of powder {111} with respect to {220} 
{311} orientation abundance-ratio = Relative on-the-strength {311} of a 
sampleand with respect to {220}/ Relative intensity of powder {311} with respect 
to {220} 

{220} orientation ratio = {220} orientation abundance-ratio/ {220} orientation 
abundance-ratio + {111} orientation abundance-ratio + {311} orientation 
abundance ratio 
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[0181] 

An example of the result which measured the 
orientation of an above-mentioned 
semiconductor thin film by X-ray diffraction here 
is shown in Fig. 17. 

In addition, the peak equivalent to a surface 
(220) has appeared to the X-ray-diffraction 
pattern. 

However, it is needless to say that it is 
equivalent to {110} surfaces. 

{110} surfaces are the main orientations as a 
result of this measurement. 

That it is 0.7 (0.9 (typically or more)) or more 
made the orientation ratio clear. 
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[0182] 

As shown above, it turns out that the crystalline 
silicon membrane by the production method of 
above-mentioned Example 1 and the 
conventional polysiticon membrane have 
completely different crystal structures (crystal 
constitution). 

Also from this point, the crystalline silicon 
membrane of this invention is said to be a 
completely new semiconductor film. 
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[0183] 

In addition, when forming the semiconductor 
thin film of above-mentioned Example 1, the 
annealing process in the temperature more than 
the crystallization temperature has achieved the 
particularlyimportant role about the defect 
reduction in a crystal grain. 
The thing is demonstrated. 

[0184] 

Figure 15(A) is TEM photography which 
magnified the crystalline-silicon membrane in 
the point in time which completed even the 
crystallization process, by 250,000 times, in the 
production method of above-mentioned 
Example 1. 

In a crystal grain ( The black part and white 
part appear based on the difference of a 
contrast), the defect which is visible in the 
shape of zigzag shown by the arrow head is 
observed. 
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[0185] 

Such a defect is a stacking fault which the pile 
order of the atom of a silicon crystal-lattice 
surface mainly contradicts. 

However, there are also cases, such as 
rearrangement. 

Figure 15(A) is considered to be the stacking 
fault which has a defect surface parallel to {111} 
surfaces. 

This is assumed from the fact that the defect 
which is visible in the shape of a zigzag is bent 
with an angle of about 70 degrees. 
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[0186] 

On the other hand, as shown in figure 15(B), as 
for the crystalline-silicon membrane by the 
production method of above-mentioned 
Example 1 seen for said multiplying factor, a 
stacking fault and the defect resulting from 
rearrangement etc. are hardly observed in a 
crystal grain. It can confirm that a crystallinity is 
very high. 

This inclination is able to be said about the 
whole film surface. 

In. the present it is difficult to make the 
number of defects into zero. 

However, it can reduce even to the grade it 
can be considered substantially that is zero. 

[0187] 

That is, the crystalline-silicon membrane shown 
in figure 15(B) is reduced to the grade which the 
defect in a crystal grain can almost disregard. 
And, a crystal_garin_boundary cannot become 
the obstruction of a carrier transfer by the high 
continuity. It can regard as a single crystal or a 
substantially single crystal. 



[0188] 

Thus, as for the crystalline-silicon membrane 
shown in the photography of figure 15(A) and 
figure 15(B), the crystal_garin_boundary has 
the almost equivalent continuity. 

However, there is a big difference in the 
number of defects in a crystal grain. 

The crystalline-silicon membrane by the 
production method of above-mentioned 
Example 1 shows an electrical property much 
higher than the crystalline-silicon membrane 
shown in figure 15(A). The reason is remarkably 
based on the difference of this number of 
defects. 
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[0189] 

The crystalline-silicon membrane by the 
production method thus obtained above- 
mentioned Example 1 (figure 15(B)) has the 
description that the number of defects in a 
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crystal grain is markedly smaller compared with 
the crystalline-silicon membrane (figure 15(A)) 
which only performed crystallization. 



[0190] 

By electron-spin-resonance analysis (Electron 
Spin Resonance:ESR), the difference of this 
number of defects turns into the difference of a 
spin density, and appears. 

In the present, it is made clear that the spin 
density of the crystalline-silicon membrane by 
the production method of Example 1 mentioned 
the above tis at least 5*1017 spins/cm3 or less 
(preferably 3*1017 spins/cm3 or less). 

However, since this measured value is close 
to the detection limit of an existing measuring 
device, an actual spin density is estimated to be 
still low. 



[0191] 

This applicant are calling the crystalline-silicon 
membrane which has above crystal structure 
and the descriptions continuous grain-boundary 
crystalline silicon (Continuous 

GrainSilicon:CGS). 
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[0192] 

In the conventional semiconductor thin film, the 
crystal_garin_boundary considered as the 
obstruction which bars a transfer of a carrier, 
and was functioning. However, in the 
semiconductor thin film by the production 
method of Example 1 mentioned the . above, 
such a crystal_garin_boundary does not exist 
substantially. High carrier mobility is realized. 

Therefore, the electrical property of TFT 
produced using the semiconductor thin film by 
the production method of Example 1 mentioned 
the above shows the value which was very 
excellent. 

This thing is shown below. 
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[0193] 



[TFT <DWM.%f&lZ-M~i~ ; b%i P" ne realization about the electrical property 
JU of TFT] 
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[0194] 

The semiconductor thin film by the production 
method of Example 1 mentioned the above can 
regard as a single crystal substantially (a 
crystal_garin_boundary does not exist 
substantially). Therefore, TFT which makes it 
an active layer shows the electrical property 
which is equal to MOSFET using the single 
crystal silicon. 

The data which are shown below are 
obtained from TFT which the present inventors 
made as an experiment. 

[0195] 

(1) 

Sub- threshold coefficient used as the index 
of the switching performance (alacrity property 
of the switch of ON/OFF action) of TFT, is 60- 
100mV / decade (typically 60-85mV / decade) 
as low as the N channel type TFT and the P 
channel type TFT 
(2) 

The field-effect mobility (micro- FE) used as 
the index of the operating speed of TFT is 200- 
650 cm-squared/Vs (typically 250-300 cm- 
squared/Vs) in the N channel type TFT. It is as 
big as 100-300 cm-squared/Vs (typically 150- 
200 cm-squared/Vs) in the P channel type TFT 
(3) 

The threshold voltage (Vth) used as the index 
of the driving voltage of TFT is -0.5-1 .5V in the 
N channel type TFT. It is as small as -1 .5-0.5V 
in the P channel type TFT. 
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[0196] 

As mentioned above, it is confirmed that the 
switching characteristic and the high-speed 
operating characteristic which were extremely 
excellent can be realized. 
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[0197] 

In addition, the annealing process in the 
temperature (700-1100 degree C) more than 
the crystallization temperature mentioned 
above in forming CGS particularly achieves the 
important role about the defect reduction in a 
crystal grain. 
The thing is demonstrated below. 
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[0198] 

The above thing shows that the gettering 
process of a catalyst element is an 
indispensable process in producing CGS. 

The present inventors has considered the 
following models about the phenomenon which 
happens according to this process. 
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[0199] 

First, in the state which shows in figure 15(A), 
the catalyst element (typically nickel) is 
segregated in the defect in a crystal grain 
(mainly stacking fault). 

That is, it is considered that many bonds of 
Si-Ni-Si exist. 
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[0200] 

However, Ni which exists in a defect is removed 
by performing the gettering process of a 
catalyst element. A Si-Ni bond is cut. 

Therefore, the bond in which silicon remained 
forms a Si-Si bond immediately, and is 
stabilized. 

A defect thus disappears. 
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[0201] 

Of course, it is known that the defect in a 
crystalline-silicon membrane will disappear by 
heat annealing at high temperature. 

However, a bond with nickel is cut. It is 
assumed that since an uncombined hand 
generates mostly, recombination of silicon is 
performed smoothly. 



[0202] 

Moreover, present inventors are thought that 
between a crystalline-silicon membrane and its 
background is fixed by performing a heat 
processing at the temperature (700-1100 
degree C) more than the crystallization 
temperature. 

The model that a defect disappears by 
adhesion increasing is also considered. 
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[The realization about TFT characteristic and 
the relationship of CGS] 

The above outstanding TFT characteristics 
have the big place based on the point of utilizing 
the semiconductor thin film which has a 
continuity in a crystal lattice in a 
crystal_garin_boundary as an active layer of 
TFT 

The reason is devised below. 
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[0204] 

The crystal_garinj3oundary does that it is 
based of the continuity of the crystal lattice in a 
crystal_garin_boundary to it being the grain 
boundary called "planar-shape grain boundary". 
A definition of the planar-shape grain boundary 
in this description is "Planar boundary" 
indicated in "Characterization of High- Efficiency 
Cast-Si Solar Cell Wafers by MBIC 
Measurement; Ryuichi Shimokawa and Yutaka 
Hayashi, Japanese Journal of Applied Physics 
vol.27, No.5, pp.751 -758, 1988". 
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[0205] 

according to an above paper, {111} twin- 
crystal grain boundary, {111} stacking fault, 
{221} twin-crystal grain boundary, {221} twist 
grain boundary, etc. are contained in a planar- 
shape grain boundary. 

This planar-shape grain boundary has the 
description of being electrically inactive. 

That is, though it is a crystal_garin_boundary, 
it does not function as the trap which obstructs 
a transfer of a carrier. Therefore, it can be 
considered that it does not exist substantially. 



[0206] 

Particularly {111} twin-crystal grain boundary is 
called 3 (SIGMA) coincidence boundary. {221} 
twin-crystal grain boundary is called 9 (SIGMA) 
coincidence boundary. 

(SIGMA) value is a parameter used as the 
guide in which the grade of the adjustment of a 
coincidence boundary is shown. 

It is known that it is the grain boundary of 
good adjustment when (SIGMA) value is small. 

[0207] 

The present inventors observed in detail the 
semiconductor thin film by the production 
method of above-mentioned Example 1 by 
TEM. 

As a result, it became clear that it is almost 
(90 % or more, typically 95 % or more) of a 
crystal_garin_boundary is the coincidence 
boundary of (SIGMA)3 namely, {111} twin- 
crystal grain boundary. 

[0208] 

In the crystal_garinJ)oundary formed between 
two crystal grains, if the angle which is made by 
the lattice stripes corresponded to {111} 
surfaces is set to (theta) when the surface 
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[0209] 

Therefore, in the crystal_garin_boundary shown 
in TEM photography of figure 13(A), each lattice 
stripes of a adjacent crystal grain are 
continuously at an angle of about 70 degrees. 

This crystal_garin_boundary can be easily 
guessed, if it is {111} twin-crystal grain 
boundary. 



[0210] 

In addition, at the time of (theta)=38.9 degrees, 
it becomes the coincidence boundary of 
(SIGMA)9. 

However, such another 

crystal_garin_boundary also existed. 

[0211] 

Such a coincidence boundary is formed only 
between the crystal grains of the same surface 
bearing. 

Namely, as for the semiconductor thin film by 
the production method of above-mentioned 
Example 1, the surface bearing is arranged 
roughly in {110}. Therefore, such a coincidence 
boundary can be formed over a wide range. 

This description is not a surface bearing's 
being the irregular other polysilicon membrane, 
and obtaining. 

[0212] 

Here, TEM photography (dark field image) 
which magnified the semiconductor thin film by 
the production method of above-mentioned 
Example 1 by 15,000 times is shown in figure 
16(A). 

The region which looks white, and the region 
which looks black exist. 

However, the part which is visible to an 
isochromaticity shows that an orientation is the 
same. 
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[0213] 

The thing to be mentioned especially in figure 
16(A) is that the region which looks white in a 
wide range dark field image only as for this is 
continuously collected at a remarkable 
proportion. 

This means the same crystal grain of an 
orientation exists with a certain amount of 
polarity. The adjacent crystal grains have the 
almost same orientation. 
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[0214] 

On the other side, TEM photography (dark field 
image) which magnified the conventional high- 
temperature polysilicon membrane by 15,000 
times is shown in figure 16(B). 

By the conventional high-temperature 
polysilicon membrane, it is only scatteringly 
dotted with the part of the same surface 
bearing. 

The settlement with the polarity which is 
shown in figure 16(A) cannot be confirmed. 

This is considered because the orientation of 
adjacent crystal grains is completely irregular. 
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Moreover, the present inventors repeats an 
observation and a measurement over many 
region besides the measuring point shown in 
Fig. 13. 

In sufficient wide region to produce TFT, it is 
confirming that the continuity of the crystal 
lattice in a crystal_garin_boundary is 
maintained. 
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[0216] 

Moreover, in the manufacturing method of 
above-mentioned Example 3, TEM photography 
at the time of observing the semiconductor thin 
film at the time of performing a gettering 
process of nickel using a phosphorus by the 
bright field is shown in Fig. 18. 
Moreover, in the figure 18, the photography 
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which set in and magnified Point 1 by 300,000 
times is shown in figure 19(A). The 
photography magnified by 2,000,000 times is 
shown in figure 19(B). 

In addition, the region which is surrounded by 
a square in figure 1 9(A) is equivalent to figure 
19(B). 

Moreover, the electron-diffraction pattern (1.7 
micrometers (phi) of the diameters of a spot) in 
Point 1 is shown in Fig. 19 (C). 
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[0217] 

Furthermore, Point2 and Point3 were 
completely observed on said conditions with 
Point 1. 

The observation result of Point 2 is shown in 
figure 20(A), figure 20(B), and Fig. 20 (C). The 
observation result of Point 3 is shown in figure 
21(A), figure 21(B), and Fig. 21 (C). 



[0 2 18] 



[0218] 

From these observation results, the continuity is 
maintained at the crystal lattice in arbitrary 
crystal_garin_boundaries. 

It turns out that a planar-shape grain 
boundary is formed. 

In addition, the present inventors repeats an 
observation and a measurement over many 
region besides the measuring point shown here. 

In sufficient wide region to produce TFT, it is 
confirmed that the continuity of the crystal 
lattice in a crystal_garin_boundary is ensured. 
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^^P^tcJ: 5 1 N ^ According to this invention, the integral 
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the same substrate as periphery circuits, such 
as the driving circuit. A size-reduction can be 
attained. 

[0221] 

Moreover, according to this invention, since the 
film thickness of the semiconductor active layer 
of a non-volatile memory is comparatively thin, 
generation of impact ionization tends to happen. 
The non-volatile memory with few degradation 
which is a low-voltage drive is realized. 



[0222] 

Furthermore, the integral formation of the non- 
volatile memory of this invention may be done 
with the component of a semiconductor device. 

Therefore a size-reduction of a 
semiconductor device can be attained. 
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[BRIEF EXPLANATION OF DRAWINGS] 



imi] [FIGURE 1] 

if.%^(D^fW%'\^^ * V 11 is tne circuit diagram of the non-volatile 

MXfo%> memory of this invention. 

[12] [FIGURE 2] 

^^^GO^FS^H^ y ^rti^c ]t is tne sectional drawing of the memory device 

^-^^ ^ \j ^^.$3 JztM^f wn ' cn constitutes the non-volatile memory of 

y^m^mmmxh^ this invention - and 8 switching device - 

[13] [FIGURE 3] 

(D^W^fe?* ^ y £>fNK !t is tne figure showing the production process 

TM^j^-fMXhho of the non-volatile memory of this invention. 

[14] [FIGURE 4] 

%:$&Vfl(D^W$& J &* ^ y £>fHK It is the figure showing the production process 

£^-f-g| £ of tne non-volatile memory of this invention. 

[15] [FIGURES] 

^^WlO^S&tt^ ^ !i £>fNK It 'S the figure showing the production process 

X$EE&:7jH~H"Cfc £ of tne non " volati,e memory of this invention. 
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[FIGURE 6] 

It is the figure showing the production process 
of the non-volatile memory of this invention. 

[FIGURE 7] 

It is the figure showing the production process 
of the non-volatile memory of this invention. 

[FIGURE 8] 

They are the top elevation view of the memory 
device which constitutes the non-volatile 
memory of this invention, and a switching 
device, its sectional drawing, and its circuit 
diagram. 

[FIGURE 9] 

It is the figure showing the production process 
of the non-volatile memory of this invention. 

[FIGURE 10] 

It is the figure showing the production process 
of the non-volatile memory of this invention. 

[FIGURE 11] 

It is the figure showing the production process 
of the non-volatile memory of this invention. 

[FIGURE 12] 

It is the figure having shown the example of the 
semiconductor device using the non-volatile 
memory of this invention. 

[FIGURE 13] 

It is TEM photography figure showing the crystal 
grain of a semiconductor thin film. 

[FIGURE 14] 

It is the photography figure showing the 
electron-diffraction pattern of a semiconductor 
thin film. 

[FIGURE 15] 

It is TEM photography figure showing the crystal 
grain of a semiconductor thin film. 
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[FIGURE 16] 

It is TEM photography figure showing the dark 
field image of a semiconductor thin film. 



[Ill 7] 



[FIGURE 17] 

It is the diagrammatic chart in which the result of 
the X-ray diffraction of a semiconductor thin film 
is shown. 
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[FIGURE 18] 

It is TEM photography figure showing the dark 
field image of a semiconductor thin film. 
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[FIGURE 19] 

It is TEM photography figure and the electron- 
diffraction pattern figure showing the 
crystal_garin_boundary of a semiconductor thin 
film. 
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[FIGURE 20] 

It is TEM photography figure and the electron- 
diffraction pattern figure showing the 
crystal_garin_boundary of a semiconductor thin 
film. 
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[FIGURE 21] 

It is TEM photography figure and the electron- 
diffraction pattern figure showing the 
crystal_garin_boundary of a semiconductor thin 
film. 
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[EXPLANATION OF DRAWING] 

101 X address decoder 

1 02 Y address decoder 

201 Substrate 

202 Semiconductor active layer 
203,204 Source * drain area 

205 Channel formation area 

206 Semiconductor active layer 
207,208 Source * drain area 

209 low concentration impurity area 

210 Channel formation region 211,212 
Gate insulating film 

213 Floating gate electrode 

214 Anodized film 
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215 Control gate electrode 216,219, 220 
Source * drain electrode 

217 Gate electrode 

218 Anodizedfilm 

221 Layer-insulation membrane 
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[FIGURE 11] 
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Laser irradiation 
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[FIGURE 5] 
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(B) The formation process of a floating gate 

(C) An addition of the impurity ion which provides a N-type (formation of n- / n+ 
area) 

(D) An addition of the impurity ion which provides a P-type (formation of p- / p+ 
area) 
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(D) Laser irradiation 
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[FIGURE 10] 
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(B) An addition of a P-type impurity element 

(C) An addition of a N-type impurity element 

(D) An addition of a N-type impurity element 
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Drawing substitution photography 
[015] [FIGURE 15] 
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[120] [FIGURE 20] 
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[02 1] [FIGURE 21] 
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